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(57) ABSTRACT

An object of the present mvention 1s provide a method for
sulfating a glycosaminoglycan in a solution of a non-organic
solvent. In the present invention, sulfation reaction of a
glycosaminoglycan 1s performed with a sulfating agent 1n a
strongly basic solution of a non-organic solvent. In the
present invention, pH of the strongly basic solution 1s
preferably set to be 11.5 or higher. According to the present
invention, for example, a glycosaminoglycan having hepa-
rin-like anticoagulant activity can be produced from
N-acetylheparosan through one-pot procedure. In one
embodiment, a sulfated glycosaminoglycan produced by the
method of the present invention has a unique disaccharide
composition and 1s expected to be a novel useful material.
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1

METHOD FOR SULFATING
GLYCOSAMINOGLYCAN

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International
Application No. PCT/IP2016/060788, filed Mar. 31, 2016,
which claims priority to Japanese Patent Application No.

2015-073148, filed Mar. 31, 2015, the contents of all of 10

which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present mvention relates to, for example, a method 15

for sulfating a glycosaminoglycan.

BACKGROUND ART

The following abbreviations are used 1n the present speci-
fication.

GAG: glycosaminoglycan

HexN: hexosamine

HexNAc: N-acetylhexosamine

GalN: galactosamine

GalNAc: N-acetylgalactosamine

GlcN: glucosamine

GlcNAc: N-acetylglucosamine

GlcNS: N-sulfoglucosamine

HexA: hexuronic acid

GlcA: glucuronic acid

IdoA: 1duronic acid

AHexA: unsaturated hex conic acid

CS: chondroitin sulfate

DS: dermatan sulfate

CH: chondroitin

dCH: desulfated chondroitin sulfate

HA: hyaluronic acid

HPN: heparosan

NAH: N-acetylheparosan

HS: heparan sulfate

HEP: heparin

dHEP: desulfated heparin

AS: acharan sulfate

ACH: acharan (2-O-desulfated AS)

KS: keratan sulfate

KPS: keratan polysuliate

AD1-0S: AHexAao1-3GalNAc

AD1-65: AHexAal-3GalNAc(6S)

AD1-4S5: AHexAal-3GalNAc(4S)

AD1-25: AHexA(2S)a1-3GalNAC

AD1-d1S ;. AHexA(2S)al-3GalNAc(6S)

ADi-diS =~ AHexAao1-3GalNAc(4S,65)

AD1-d1S,: AHexA(2S)al-3GalNAc(4S)

ADl-trlS AHexA(25)a1-3GalNAc(4S,6S)

AD1HA-0S: AHexAal-3GIcNACc

AD1HA-6S: AHex Ao 1-3GIcNAc(6S)

AD1IHA-4S: AHex Ao 1-3GIcNAc(45)

AD1HA-2S: AHex A (2S)al-3GIcNAC

AD1HS-0S: AHexAal-4GIcNAc

AD1HS-NS: AHexAal-4GIcNS

AD1HS-6S: AHexAol-4GIcNAc(65)

AD1HS-2S: AHexA(2S)a1-4GlcNACc

AD1HS-diS,: AHexAal-4GIc(NS, 6S)

AD1HS-diS,: AHexA(2S)a1-4GIcNS

AD1HS-d1S;: AHexA(25)al-4GIcNAc(6S)

AD1HS-tr1S: AHexA(2S5)al-4Glc(NS,65)

20

25

30

35

40 1

45

50

55

60

65

2

In the above description, “a1-3” refers to an al-3 gly-
cosidic bond, “cl-4” an al-4 glycosidic bond, “65” a
6-O-sulfate group, “45” a 4-O-sulfate group, and “25” a
2-O-sulfate group, respectively.

Known techniques for sulfating a glycosaminoglycan
(GAQG) mclude chemical synthesis, enzymatic synthesis, and
a combination thereof (1.e., chemo-enzymatic synthesis). A
known method for sulfating a hydroxy group of a GAG
(O-sulfation method) through chemical synthesis mvolves
the use of an organic solvent. A known O-sulfation method
involves conversion of a GAG 1nto a quaternary ammonium
salt form, dissolution of the GAG salt 1n an organic solvent,
and addition of a sulfating agent to the solution for O-sul-
fation, for example, dissolution of tributylamine salt of
N-acetylheparosan in N,N-dimethylformamide, and addi-
tion of a sulfur trioxide-pyridine complex to the solution for
O-sulfation (Patent Document 1). Another known O-sulfa-
tion method involves dissolution of a GAG 1n a polar
organic solvent, and addition of a sulfating agent to the
solution for O-sulfation; for example, dissolution of chon-
droitin 1n formamide, and addition of a sulfur trioxide-
triethylamine complex to the solution for O-sulfation (Patent
Document 2). In a method using an organic solvent, the
sulfation reaction 1s terminated by, for example, addition of
an aqueous solution containing a salt for pH adjustment
(e.g., sodium acetate), since the sulfating agent 1s inactivated
by water (Patent Document 2).

A known method for sulfating an amino group of a GAG
(N-sulfation method) through chemical synthesis mvolves
dissolution of an N-deacetylated GAG 1 a weakly basic
aqueous solution having a pH of about 10 (e.g., an aqueous
sodium carbonate solution or an aqueous sodium hydrogen
carbonate solution), and addition of a sulfating agent to the
solution for N-sulfation. Examples of known N-sulfation
methods 1nclude a method mmvolving N-deacetylation of
chondroitin sulfate by hydrazine decomposition, dissolution
of the N-deacetylated product in an aqueous sodium car-
bonate solution, and addition of a sulifur trioxide-triethyl-
amine complex to the solution for N-sulfation; and a method
involving N-deacetylation of N-acetylheparosan (K5 poly-
saccharide) by alkaline hydrolysis, neutralization of the
N-deacetylated product, and addition of sodium carbonate
and a sulfur trioxide-pyridine complex to the neutralized
product for N-sulfation (Non-Patent Documents 1 and 2).
However, such a method involving sulfation reaction 1n a
weakly basic aqueous solution specifically sulfates an amino

group of a GAG, and fails to sulfate a hydroxy group of a
GAG.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: Japanese Patent Application Laid-Open
(kokai) No. 2005-290383

Patent Document 2: Japanese Kohyo (PCT) Patent Publica-
tion No. 2013-520995

Non-Patent Documents

Non-Patent Document 1: Nadkarni V D, Toida T, Van Gorp
C L, Schubert R L, Weiler ] M, Hansen K P, Caldwell E
E, Linhardt R J., Carbohydr. Res. 1996 Aug. 26; 290(1):
87-96

Non-Patent Document 2: Leali D, Belleri M, Urbinat1 C,
Coltrim1 D, Oreste P, Zoppett1 GG, Ribatti D, Rusnati M,
Presta M., J. Biol. Chem. 2001 Oct. 12; 276(41): 37900-8
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3
SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

In view of the atorementioned sulfation method (i.e., the
use of an organic solvent for chemical sulfation of a hydroxy
group of a GAG), the present imventors have conducted
extensive studies on a method for sultfating a GAG by use of
a reduced amount of an organic solvent (preferably without
use of an organic solvent) from the viewpoint of green and
sustainable chemistry.

An object of the present invention 1s provide a method for
sulfating a GAG 1n a solution of a non-organic solvent. In
one embodiment, an object of the present invention 1s to
provide a method for sulfating a hydroxy group of a GAG
in a solution of a non-organic solvent.

Means for Solving the Problems

The present inventors have conducted extensive studies
for solving the aforementioned problems, and as a result
have found that a hydroxy group of a GAG can be sulfated,
without use of an organic solvent, by a method mmvolving
sulfation reaction 1 a strongly basic solution (alkaline
solution) under coexistence of the GAG with a sulfating
agent (1.e., a method by use of an aqueous solvent). The
present inventors have also found that a sulfated GAG
prepared by the method has, in one embodiment, new
disaccharide composition; 1.e., disaccharide composition
different from that of a sulfated GAG prepared through
sulfation 1n an organic solvent or a GAG extracted from an
amimal. The present inventors have accomplished the pres-
ent 1nvention on the basis of these findings.

Accordingly, the present invention, which solves the
alorementioned problems, includes the following embodi-
ments.

[1]

A method for sulfating a glycosaminoglycan, the method
comprising performing sulfation reaction 1n a strongly basic
solution under coexistence of a glycosaminoglycan with a
sulfating agent.

[2.

The method according to [1] above, wherein pH of the
strongly basic solution 1s set to be 11.5 or higher.
[3]

The method according to [1] or [2] above, wherein the
strongly basic solution contains a strong base.
[4]

The method according to any of [1] to [3] above, wherein
the glycosaminoglycan 1s selected from among the follow-
ing glycosaminoglycans (A) to (D):

(A) a glycosaminoglycan having a hexuronic acid residue;

(B) a glycosaminoglycan prepared through addition or
climination of a substituent or a functional group to or from
the glycosaminoglycan (A);

(C) a glycosaminoglycan prepared through deacetylation
of the glycosaminoglycan (A); and

(D) a glycosaminoglycan prepared through alkylation of
the glycosaminoglycan (A).

[5]

The method according to any of [1] to [4] above, wherein
the sulfating agent 1s a sulfur trioxide complex.
[6]

A method for producing a sulfated glycosaminoglycan,
the method comprising a step of performing a method as
recited 1n any of [1] to [3] above.
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[7]

The method according to [6] above, the method turther
comprising a step ol performing deacetylation reaction of
the glycosaminoglycan.

[3]

The method according to [6] or [7] above, the method
turther comprising a step of performing alkylation reaction
of the glycosaminoglycan.

5]

Chondroitin sulfate containing 3 mol % or higher of a
disaccharide having a structure represented by the following
formula as the composition ratio of disaccharide units:

[HexA(2S)1-3GaIN1-4]

(where “Hex A” represents a hexuronic acid residue; “GalN”
represents a galactosamine residue; “1-3” represents a 1-3
glycosidic bond; “1-4” represents a 1-4 glycosidic bond; and
“2S” represents a 2-O-sulfate group, respectively).

[10]

Chondroitin sulfate containing a disaccharide having a
structure represented by the following formula (b) over 3
times as many as a disaccharide having a structure repre-
sented by the following formula (a):

[HexA1-3GalN(4S)1-4] (a)

[HexA(2S)1-3GalN1-4] (b)

(where “Hex A” represents a hexuronic acid residue; “GalN”
represents a galactosamine residue; “1-3 represents a 1-3
glycosidic bond; “1-4” represents a 1-4 glycosidic bond;
“4S” represents a 4-O-sulfate group; and “2S” represents a
2-O-sulfate group, respectively).

[11]

Chondroitin sulfate containing a disaccharide having a
structure represented by the following formula (d) over 0.1
times as many as a disaccharide having a structure repre-
sented by the following formula (c):

[HexA1-3GalN(6S)1-4] (c)

[HexA(2S)1-3GalN1-4] (d)

(where “Hex A” represents a hexuronic acid residue; “GalN”
represents a galactosamine residue; “1-3 represents a 1-3
glycosidic bond; “1-4” represents a 1-4 glycosidic bond;
“6S” represents a 6-O-sulfate group; and “2S” represents a
2-O-sulfate group, respectively).
[12]

Chondroitin sulfate having 25 mol % or higher of a
disaccharide having a structure represented by the following
formula as the composition ratio of disaccharide units:

[HexA(28)1-3GalN(68)1-4]

(where “HexA” represents a hexuronic acid residue; “GalN”
represents a galactosamine residue; “1-3 represents a 1-3
glycosidic bond; “1-4” represents a 1-4 glycosidic bond;
“2S” represents a 2-O-sulfate group; and “6S” represents a
6-O-sultate group, respectively).
[13]

Sulfated hyaluronic acid containing a disaccharide having
a structure represented by the following formula as the
disaccharide composition:

[HexA1-3GIcN(4S)1-4]

(where “HexA” represents a hexuronic acid residue; “GIcN”
represents a glucosamine residue; “1-3” represents a 1-3
glycosidic bond; “1-4” represents a 1-4 glycosidic bond; and
“4S” represents a 4-O-sulfate group, respectively).
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[14]

Sulfated hyaluronic acid having the following character-
istics (A) and (B):

(A) a molecular weight of 2,000,000 Da or higher, and

(B) a sulfur content of 2 mass % or higher.

[15]

The method according to any of [6] to [8] above, wherein
the sulfated glycosaminoglycan has heparin-like anticoagu-
lant activity.

[16]

The method according to any of [6] to [8] above, wherein
the sulfated glycosaminoglycan 1s sulfated heparosan having,
heparin-like anticoagulant activity.

[17]

The method according to any of [6] to [8] above, wherein
the sulfated glycosaminoglycan 1s chondroitin sulfate as
recited in any of [9] to [12] above or sulfated hyaluronic acid
as recited m [13] or [14] above.

[18]

The method according to any of [6] to [8] above, wherein
the sulfated glycosaminoglycan 1s chondroitin sulfate as
recited 1n [9], [10], [11], and/or [12] above.

[19]

The method according to any of [6] to [8] above, wherein
the sulfated glycosaminoglycan is sulfated hyaluronic acid
as recited m [13] and/or [14] above.

Advantageous Effects of the Invention

According to the present invention, a GAG can be sul-
fated 1n a solution of a non-organic solvent. According to the
present invention, a hydroxy group of a GAG can be sulfated
in a solution of a non-organic solvent,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 A graph 1illustrating the relationship between
NaOH concentration and the sulfation degree in sulfated CH
prepared through coexistence of C: with a sulfur trioxide-
trimethylamine complex (TMA-SQO;) 1n an aqueous NaOH
solution.

FIG. 2 A chart illustrating the results of "*C-NMR analy-
si1s of sulfated hyaluronic acid prepared by a sulfation
method using a strongly basic solution.

FIG. 3 A chart illustrating the results of ">C-NMR analy-
s1s of sulfated hyaluronic acid prepared by a sulfation
method using an organic solvent.

MODES FOR CARRYING OUT TH.
INVENTION

(Ll

(1) Sulfation Method of the Present Invention

As described above, the present invention provides a
method for sulfating a GAG, the method being characterized
by comprising performing sulfation reaction of a GAG 1n a
solution of a non-organic solvent under coexistence of the
GAG with a sulfating agent (heremafter the method referred
to as “the sulfation method of the present invention™). As
used herein, the term “non-organic solvent” refers to a
solvent including a solvent other than an organic solvent
(e.g., an morganic solvent). The “solution of a non-organic
solvent” as used herein 1s, specifically, a strongly basic
solution. In the sulfation method of the present invention,
pH of the strongly basic solution 1s preferably set to be 11.5
or higher, in the sulfation method of the present invention,
pH of the strongly basic solution may be set to be 11.6 or
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higher, 11.8 or higher, 12 or higher, 12.2 or higher, 12.4 or
higher, 12.6 or higher, 12.8 or higher, or 13 or higher.

In the sulfation method of the present invention, the
sulfation reaction can be performed in a strongly basic
solution under coexistence of a GAG with a sulfating agent.
As used herein, the term “coexistence” refers to a state
where substances of interest can come 1nto contact with each
other. Thus, the sulfation reaction can be performed by, for
example, adding a sulfation agent to a strongly basic solu-
tion contaiming a GAG; adding a GAG to a strongly basic
solution containing a sulfating agent; or changing a solution
containing a GAG and a sulfating agent into strongly basic
condition. The sulfation reaction can proceed within a period
of time during which a GAG coexists with a sulfating agent,
so long as the solution containing the GAG and the sulfating
agent exhibits strong basicity within the period of time. The
solution does not necessarily constantly exhibit strong basic-
ity within the period of time. In some embodiments of the
sulfation method of the present imnvention, the pH of the
solution may vary within the period of time during which the
GAG coexists with the sulfating agent, depending on, for
example, the type or amount of the sulfating agent. Even 1n
such a case, the GAG can be sulfated by the sulfation
method of the present invention, so long as the solution
exhibits strong basicity within the below-described period of
time for the sulfation reaction during a time the GAG
coexists with the sulfating agent.

The strongly basic solution may be a solution of a
non-organic solvent. Specifically, the strongly basic solution
may be a solution of an morganic solvent, or a solution of a
mixture of an mmorganic solvent and an organic solvent. No
particular limitation 1s imposed on the organic solvent, but
the organic solvent 1s preferably miscible with an inorganic
solvent. Example of such an organic solvent includes a polar
organic solvent. The polar organic solvent may be an aprotic
polar solvent or a protic polar solvent. The polar organic
solvent 1s preferably an aprotic polar solvent. Examples of
the polar organic solvent include alcohols (e.g., ethanol),
dimethyl sulfoxide, N,N-dimethyliformamide, formamide,
tetrahydrofuran, pyridine, acetone, and acetonitrile. No par-
ticular limitation 1s imposed on the inorganic solvent, but the
inorganic solvent i1s preferably a neutral or basic solvent.
Example of the morganic solvent includes an aqueous sol-
vent (e.g., water). Thus, in one embodiment, the strongly
basic solution may be a strongly basic aqueous solution. No
particular limitation 1s imposed on the amount (volume) of
the strongly basic solution used for the sulfation reaction,
and the amount of the solution can be appropriately deter-
mined depending on, for example, the amount of the GAG
or sulfating agent used.

In the sulfation method of the present invention, the
solution used for the sulfation reaction (hereinaiter referred
to as “sulfation reaction solution™) may be a solution con-
tamning an organic solvent or a solution containing no
organic solvent. No particular limitation 1s imposed on the
amount ol the organic solvent contained in the sulfation
reaction solution, and the amount of the organic solvent can
be appropriately determined depending on various condi-
tions, such as the type of the organic solvent and the desired
degree of sulfation. In the sulfation method of the present
invention, the organic solvent can be used so that, for
example, the volume concentration (v/v) of the organic
solvent contained in the sulfation reaction solution falls
within the range described below. The volume concentration
of the organic solvent may be higher than 0%. The volume
concentration of the organic solvent may be, for example,

0.001% or higher, 0.01% or higher, 0.1% or higher, 1% or
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higher, or 5% or higher. The volume concentration of the
organic solvent may be, for example, 99% or lower, 80% or
lower, 60% or lower, 40% or lower, 20% or lower, 10% or
lower, 5% or lower. The volume concentration of the organic
solvent 1s preferably, for example, higher than 0% and 99%
or lower, higher than 0% and 80% or lower, higher than 0%
and 60% or lower, higher than 0% and 40% or lower, higher
than 0% and 20% or lower, higher than 0% and 10% or
lower, or higher than 0% and 5% or lower. Only one kind of
organic solvent may be used, or two or more kinds of
organic solvents may be used in combination. In the case
where two or more kinds of organic solvents are used in
combination, the term “volume concentration of organic
solvent” as used herein refers to the sum of the volume
concentrations of each organic solvent.

The sulfation reaction solution i1s preferably a solution
containing substantially no organic solvent, more preferably
a solution containing no organic solvent. As used herein, the
expression “solution contaiming substantially no organic
solvent” refers to a solution containing an organic solvent to
such an extent that the resultant sulfated glycosaminoglycan
exhibits no or little variation (increased or decrease) 1n
degree of sulfation as compared with the case of use of a
solution containing no organic solvent (1.e., a solution pre-
pared by use of an 1morganic solvent (e.g., water) in place of
an organic solvent mixed for preparation of a solution
containing substantially no organic solvent). The expression
“little variation 1n degree of sulfation” may refer to the case
where the degree of sulfation or sulfur content of the sulfated
glycosaminoglycan varies only by 20% or less, 10% or less,
5% or less, 2% or less, 1% or less, 0.5% or less, or 0.1% or
less. That 1s, the expression “little variation in degree of
sulfation” may refer to the case where the degree of sulfation
or sulfur content of the sulfated glycosaminoglycan prepared
through sulfation reaction by use of a solution containing,
substantially no organic solvent 1s 0.8 n % to 1.2 n %, 0.9
n%tl.1n%, 095n% to 1.05n%, 098 n % to 1.02 n
%, 0.99n % to 1.01 n %, 0.995 n % to 1.005 n %, or 0.999
n % to 1.001 n % (where n % represents the degree of
sulfation or sulfur content of a sulfated glycosaminoglycan
prepared through sulfation reaction by use a solution con-
taining no organic solvent). As used herein, the “solution
containing substantially no organic solvent” may refer to, for
example, a solution containing an organic solvent in an
amount (volume concentration (v/v)) of higher than 0% and
20% or lower, higher than 0% and 10% or lower, higher than
0% and 3% or lower, higher than 0% and 2% or lower,
higher than 0% and 1% or lower, higher than 0% and 0.5%
or lower, or higher than 0% and 0.1% or lower.

No particular limitation 1s imposed on the amount of the
inorganic solvent contained in the sulfation reaction solu-
tion, and the amount of the morganic solvent can be appro-
priately determined depending on various conditions, such
as the type of the inorganic solvent and the desired degree
of sulfation. In the sulfation method of the present invention,
the 1organic solvent can be used so that, for example, the
volume concentration (v/v) of the inorganic solvent con-
tained 1n the sulfation reaction solution falls within the range
described below. The volume concentration of the morganic

solvent may be, for example, 1% or higher, 5% or higher,
10% or higher, 20% or higher, 40% or higher, 60% or higher,

80% or higher, 90% or higher, 95% or higher, 99% or higher,
99.9% or higher, or 100%. The volume concentration of the
inorganic solvent may be, for example, 100% or lower, 99%
or lower, 95% or lower, 90% or lower, 80% or lower, 60%
or lower, 40% or lower, 20% or lower, 10% or lower, or 5%
or lower. The volume concentration of the 1norganic solvent
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1s preferably, for example, 1% to 100%, 20% to 100%, 40%
to 100%, 60% to 100%, 80% to 100%, 90% to 100%, or 95%
to 100%. Only one kind of mnorganic solvent may be used,
or two or more kinds of inorganic solvents may be used 1n
combination. In the case where two or more kinds of
iorganic solvents are used in combination, the term “vol-
ume concentration of inorganic solvent” as used herein
refers to the sum of the volume concentrations of each
inorganic solvent.

Example of the strongly basic solution includes a strongly
basic solution containing a strong base. No particular limi-
tation 1s 1mposed on the strong base, so long as it 1s a
compound which, when coexists with water, provides the
solution with strong basicity. The strong base may be a
compound which releases a hydroxide 1on when coexists
with water, or a compound which releases a hydroxide 1on
when 1onized. Thus, the strong base may be an Arrhenius
base. No particular limitation 1s imposed on the type of the
strong base. Examples of the strong base include metal
hydroxides, tetraalkylammonium hydroxides, guanidine,
and ammine complex hydroxides. The strong base 1s pret-
crably an mexpensive and readily available compound; 1.e.,
a metal hydroxide. Examples of the metal hydroxide include
alkal1 metal hydroxides and alkaline earth metal hydroxides.
The metal hydroxide 1s preferably a compound which 1is
readily discarded or discharged; 1.e., an alkali metal hydrox-
ide. Examples of the alkali metal hydroxide include sodium
hydroxide, potassium hydroxide, and lithium hydroxide.

No particular limitation 1s imposed on the amount of the
strong base contained 1n the sulfation reaction solution, and
the amount of the strong base can be appropnately deter-
mined depending on various conditions, such as the type of
the strong base, the desired degree of sulfation, and the pH
of the solution. In the sulfation method of the present
invention, the strong base can be used so that, for example,
the mole concentration of the strong base contained in the
sulfation reaction solution falls within the range described

below. The mole concentration of the strong base may be,
for example, 0.005 M or higher, 0.01 M or higher, 0.05 M

or higher, 0.1 M or higher, 0.2 M or higher, 0.5 M or higher,
or 1 M or higher. The mole concentration of the strong base
may be, for example, 10 M or lower, 5 M or lower, 4 M or

lower, or 3 M or lower. The mole concentration of the strong
base 1s preferably, for example, 0.005 M to 10 M, 0.01 M to

SM,00l Mto4 M, 005MtoSM,005Mto4 M, 0.1 M
toSM, 01l Mto4 M, 02Mto5M,02Mto4d M, 05 M
toSM,0.5Mto4 M, or 1 M to 3 M. Only one kind of strong
base may be used, or two or more kinds of strong bases may
be used 1n combination. In the case where two or more kinds
of strong bases are used in combination, the term “mole
concentration of strong base” as used herein refers to the
sum of the mole concentrations of each strong base. The
term “mole concentration of strong base™ as used herein may
refer to the mole concentration of hydroxide 1ons.

The strong base may be 1n the form of a gas, a solid (e.g.,
powder or granule), or a liquid. The “liquid” as used herein
may be a gaseous or solid strong base coexistent with a
solvent. The “solvent” as used herein may be an organic
solvent, an 1norganic solvent, or a mixture of an organic
solvent and an inorganic solvent. The “solvent” as used
herein may be a solvent that dissolves the coexistent strong
base, or a solvent that does not dissolve the coexistent strong
base. The “solvent that does not dissolve the strong base” as
used herein may be a solvent that dissolves no coexistent
strong base, or a solvent that partially but not completely
dissolves the coexistent strong base.
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No particular limitation 1s 1mposed on the GAG used for
the sulfation method of the present invention, so long as 1t
1s recognized as a GAG 1n the technical field to which the
present invention pertains. The GAG 1s a linear polysaccha-
ride having a backbone structure formed through repeated
polymerization of disaccharide units each containing an
amino sugar. The amino sugar may be hexosamine (HexN).
The amino sugar may be glucosamine (GlcN) or galac-
tosamine (GallN). The hexosamine (HexIN) may be N-acetyl-
hexosamine (HexNAc). The hexosamine (HexN) may be
N-acetylglucosamine (GIcNAc), or N-acetylgalactosamine
(GalNAC).

The GAG used for the sulfation method of the present
invention may be a GAG having a sulfate group or a GAG
having no sulfate group. Examples of the GAG having a
sulfate group include CS, DS, HS, HEP, AS, KS, and KPS.
The GAG having a sulfate group may be a GAG sulfated by,
for example, the sulfation method of the present invention or
a known sulfation method. Examples of the GAG having no
sulfate group include CH, HA, HPN, and testosteronan. The
GAG used for the sulfation method of the present invention
may be a desulfated GAG. The desulfated GAG refers to a
GAG having a sulfation degree lower than that of an
undesulfated GAG having a sulfate group, and 1s not limited
to a GAG having no sulfate group. No particular limitation
1s 1mposed on the GAG used for desulfation reaction, and
the GAG may be any of the above-exemplified GAGs
having a sulfate group. Examples of the desulfated GAG
include dCH, dHEP, and ACH.

The GAG used for the sulfation method of the present
invention 1s preferably a linear polysaccharide having a
backbone structure formed through repeated polymerization
of disaccharide units each containing an acidic sugar (1.e., an
acidic polysaccharide). The acidic sugar may be hexuronic
acid (HexA). The acidic sugar may be glucuronic acid
(GlcA) or 1duronic acid (IdoA). Thus, the GAG used for the
sulfation method of the present invention i1s preferably a
GAG having a Hex A residue. Examples of the acidic poly-
saccharide include CS, DS, CH, HA, HS, HEP, HPN, AS,
ACH, and testosteronan.

As described above, the GAG used for the sulfation
method of the present invention may be a linear polysac-
charide having a backbone structure formed through
repeated polymerization of disaccharide units each consist-
ing of an amino sugar and an acidic sugar. The GAG used
for the sulfation method of the present invention may be a
polysaccharide containing an amino sugar and HexA as
components. The GAG used for the sulfation method of the
present mvention may be a polysaccharide containing only
an amino sugar and. GlcA as components, a polysaccharide
contaiming only an amino sugar and IdoA as components, or
a polysaccharide containing an amino sugar, GIcA, and IdoA
as components. Examples of the polysaccharide containing
only an amino sugar and GIcA as components include CS,
CH, HA, HPN, and testosteronan. Examples of the polysac-
charide containing only an amino sugar and IdoA as com-
ponents include AS and ACH. Examples of the polysaccha-
ride containing an amino sugar, GlcA, and IdoA as
components include DS, HS, and HEP.

The polysaccharide containing IdoA as a component may
be, besides the above-exemplified polysaccharides, polysac-
charide prepared through epimerization of GIcA residues to
IdoA residues. For example, the GAG used for the sulfation
method of the present mmvention may be a polysaccharide
prepared from the polysaccharide containing GlcA as a
component through partial or complete epimerization of
GlcA residues to IdoA residues. Examples of such a poly-
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saccharide include 1somers of HPN (epimerized heparosan)
prepared through partial or complete epimerization of GIcA
residues to IdoA residues. The epimerization of HPN can be
performed by, for example, the method described in the
document (WO 2014/200045).

The polysaccharide containing GlcA as a component may
be, besides the above-exemplified polysaccharides, a poly-
saccharide prepared through epimerization of IdoA residues
to GlcA residues. For example, the GAG used for the
sulfation method of the present invention may be a poly-
saccharide prepared from the polysaccharide containing
IdoA as a component through partial or complete epimeriza-
tion of IdoA residues to GIcA residues. Examples of such a
polysaccharide include 1somers of dHEP or HEP
(epimerized heparin), and 1somers of ACH and AS
(epimerized acharan) prepared through partial or complete
epimerization ol IdoA residues to GlcA residues. The
epimerization of dHEP or ACH can be performed by, for
example, the method described in the document (WO 2014/
200045).

The GAG used for the sulfation method of the present
invention may be a GAG having a branched sugar residue or
a GAG having no branched sugar residue. Examples of the
branched sugar residue include a fructose (Frc) residue.
Examples of the GAG having a branched sugar residue
include K4 polysaccharide (fructosylated chondroitin),
which 1s CH having a branched sugar residue of Frc. The
GAG used for the sulfation method of the present invention
1s preferably a GAG having no branched sugar residue.

The GAG used for the sulfation method of the present
invention may be the GAG itself or a GAG denvative. The
term “GAG dernvative” refers to a denvative prepared
through addition or elimination of a substituent or a func-
tional group to or from a GAG. No particular limitation 1s
imposed on the GAG derivative, so long as 1t has a moiety
to be sulfated by the sulfation method of the present inven-
tion. Examples of the moiety to be sulfated by the sulfation
method of the present invention include a hydroxy group
and an amino group. The “hydroxy group” as used herein
may be a hydroxy group inherent in a GAG (1.e., a hydroxy
group on a sugar residue of the GAG). The “amino group”
as used herein may be an amino group inherent 1n a GAG
(1.e., an amino group on a sugar residue of the GAG).
Examples of the GAG denvative include a GAG prepared
through elimination of an acetyl group (deacetylated GAG)
and a GAG prepared through addition of a hydrophobic
group (e.g., an alkyl group such as a methyl group, an acyl
group such as an acetyl group, or an aryl group such as a
phenyl group).

The GAG dentvative used for the sulfation method of the
present invention may be a GAG prepared through elimi-
nation of an acetyl group (1.e., deacetylation) (hereinatiter the
GAG referred to as “deacetylated GAG”). The term
“deacetylation” as used herein may be deacetylation of an
amino group (N-deacetylation). In one embodiment, the
deacetylated GAG may be an N-deacetylated GAG. The
deacetylated GAG may be prepared through complete or
partial elimination of an acetyl group {from a sugar residue
of a GAG. The GAG denvative used for the sulfation
method of the present invention may be a GAG prepared
through 1ntroduction of an alkyl group (alkylation) (herein-
alter the GAG referred to as “alkylated GAG™). The term
“alkylation™ as used herein may be alkylation of a hydroxy
group (O-alkylation). In one embodiment, the alkylated
GAG may be an O-alkylated GAG. The alkylated GAG may
be prepared through complete or partial alkylation of a
functional group (e.g., a primary or secondary hydroxy




US 10,259,889 B2

11

group, or an aldehyde group) of a sugar residue of a GAG.
Examples of the alkylation include methylation and ethyl-
ation.

No particular limitation 1s 1mposed on the origin of the
GAG used for the sulfation method of the present invention.
The sulfation method of the present invention may involve
the use of, for example, a chemically synthesized GAG, an
enzymatically synthesized. GAG, or a GAG derived from an
amimal or a microorganism. The GAG used for the sulfation
method of the present mvention may be prepared by, for
example, any known method, or may be a commercially
available product.

The GAG used for the sulfation method of the present
invention may be the GAG itself or may be in the form of
a complex with an additional substance. No particular limi-
tation 1s 1imposed on the additional substance, and example
of the additional substance includes a protein. In the sulfa-
tion method of the present invention, a complex of a GAG
with a protein (e.g., proteoglycan) may be used for the
sulfation reaction of GAG. Preferably, the GAG used for the
sulfation method of the present invention 1s not 1n the form
of a complex with an addition substance.

No particular limitation 1s imposed on the molecular
weight of the GAG used for the sulfation method of the
present invention, and the molecular weight may be any
value. The molecular weight may be, for example, 4 MDa
(megadalton) (4,000,000 Da) or lower, 3 MDa or lower, 2
MDa or lower, 1 MDa or lower, 500 kDa or lower, 200 kDa
or lower, 100 kDa or lower, or 50 kDa or lower. The
molecular weight may be, for example, 5 kDa or higher, 10

kDa or higher, 20 kDa or higher, 30 kDa or higher, 50 kDa
or higher, 100 kDa or higher, 500 kDa or higher, 1 MDa or
higher, or 2 MDa or higher. The molecular weight 1s
preferably, for example, 5 kDa to 4 MDa, 5 kDa to 3 MDa,
5 kDato 2 MDa, S kDato 1 MDa, 5 kDa to 500 kDa, 5 kDa
to 100 kDa, 5 kDa to 50 kDa, 10 kDa to 3 MDa, 10 kDa to
1 MDa, 10 kDa to 500 kDa, 10 kDa to 100 kDa, 10 kDa to
50 kDa, 20 kDa to 100 kDa, 20 kDa to 50 kDa, 30 kDa to
50 kDa, 500 kDa to 4 MDa, 500 kDa to 3 MDa, 1 MDa to
4 MDa, 1 MDa to 3 MDa, or 2 MDa to 3 MDa. The term
“molecular weight” as used herein refers to a weight average
molecular weight. In the case where the GAG 1s 1n the form
of a complex with an additional substance, the molecular
weight may be that of the GAG 1tself. The molecular weight
of the GAG can be measured by, for example, any known
method. Specifically, the molecular weight of the GAG may
be a weight average molecular weight measured by means
of, Tor example, size exclusion chromatography. More spe-
cifically, the molecular weight of the GAG can be measured
by, for example, the method described in <Referential
Example 4> or <Referential Example 5> hereinbelow.

No particular limitation 1s imposed on the amount of the
GAG contained 1n the sulfation reaction solution, and the
amount of the GAG can be appropnately determined
depending on various conditions, such as the type and
volume of the strongly basic solution and the desired degree
of sulfation. In the sulfation method of the present invention,
the GAG can be used so that, for example, the weight
concentration (w/v) of the GAG contained in the sulfation
reaction solution falls within the range described below. The
weight concentration of the GAG may be, for example,
0.001% or higher, 0.01% or higher, 0.1% or higher, or 1%
or higher. The weight concentration of the GAG may be, for
example, 50% or lower, 40% or lower, 30% or lower, or 20%

or lower. The weight concentration of the GAG 1s preferably,
for example, 0.001% to 50%, 0.01% to 40%, 0.1% to 30%,

0.1% to 20%, 1% to 20%, 1% to 10%, 0.1% to 10%, or 0.1%
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to 1%, Only one kind of GAG may be used, or two or more
kinds of GAGs may be used 1n combination. In the case
where two or more kinds of GAGs are used 1n combination,
the term “weight concentration of GAG” as used herein
refers to the sum of the weight concentrations of each GAG.
The term “weight concentration of GAG” as used herein
may be a value obtained by dividing the weight of dry
powder of GAG by the amount of the sulfation reaction
solution, or may be determined by an analytical method for
GAG concentration. The analytical method for GAG con-
centration 1s, for example, the carbazole sulfate method
(BITTER T, MUIR H M., Anal. Biochem, 1962 October; 4:
330-4).

The GAG may be 1n the form of a solid (e.g., a vacuum-
dried, lyvophilized, powdery, or granular product) or 1n the
form of a liquid. The “liquid™ as used herein may be a solid
GAG coexistent with a solvent. The “solvent” as used herein
may be an organic solvent, an inorganic solvent, or a mixture
of an organic solvent and an inorganic solvent. The “sol-
vent” as used herein may be a solvent that dissolves the
coexistent GAQG, or a solvent that does not dissolve the
coexistent GAG. The “solvent that does not dissolve the
GAG” as used herein may be a solvent that dissolves no
coexistent GAG, or a solvent that partially but not com-
pletely dissolves the GAG.

No particular limitation 1s imposed on the sulfating agent,
so long as 1t 1s a compound capable of sulfating a GAG. The
sulfating agent may be, for example, any known sulfating
agent that 1s generally used for sulfation reaction. The
sulfating agent may be, for example, sulfur trioxide itself, a
sulfur trioxide composition, or a halogenated sulfonic acid
(e.g., chlorosulionic acid). The sulfating agent 1s preferably
a sulfur trioxide composition. Example of the sulfur trioxide
composition mcludes a sulfur trioxide complex. The sulfur
trioxide complex 1s a compound prepared through coordi-
nate bonding of sulfur trioxide and a Lewis base. Examples
of the “Lewis base” as used herein include an amine or
pyridine. Examples of the sulfur trioxide complex include a
complex composed of sulfur trioxide and an amine (sulfur
trioxide-amine complex) and a complex composed of sulfur
trioxide and pyridine (sulfur trioxide-pyridine complex).
Examples of the sulfur trioxide-amine complex include a
sulfur trioxide-trialkylamine complex. Examples of the sul-
fur trioxide-trialkylamine complex include a sulfur trioxide-
trimethylamine complex, a sulfur trioxide-dimethylethylam-
ine complex, a sulfur trioxide-methyldiethylamine complex,
and a sulfur trioxide-triethylamine complex.

No particular limitation 1s imposed on the amount of the
sulfating agent contained in the sulfation reaction solution,
and the amount of the sulfating agent can be appropnately
determined depending on various conditions, such as the
type of the sulfating agent and the desired degree of sulia-
tion. In the sulfation method of the present invention, the
sulfating agent can be used so that, for example, the weight
concentration (w/v) of the sulfating agent contained in the
sulfation reaction solution falls within the range described
below. The weight concentration of the sulfating agent may
be, for example, 0.001% or higher, 0.01% or higher, 0.1% or
higher, or 1% or higher. The weight concentration of the
sulfating agent may be, for example, 100% or lower, 60% or
lower, 40% or lower, or 20% or lower. The weight concen-
tration of the sulfating agent 1s preferably, for example,
0.001% to 100%, 0.01% to 60%, 0.1% to 40%, or 1% to
20%, Only one kind of sulfating agent may be used, or two
or more kinds of sulfating agents may be used 1n combina-
tion, 1n the case where two or more kinds of sulfating agents
are used 1n combination, the term “weight concentration of
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sulfating agent” as used herein refers to the sum of the
weilght concentrations of each sulfating agent.

In the sulfation method of the present mvention, the
sulfating agent can be used so that, for example, the amount
of the sulfating agent relative to the total number of disac-
charide units of the GAG contained 1n the sulfation reaction
solution falls within the equivalent range described below.
Unless otherwise specified, the “equivalent” in terms of the
amount of the sulfating agent described below refers to the
“mole equivalent.” The amount of the sulfating agent rela-
tive to the total number of disaccharide units of the GAG
may be, for example, 0.001 equivalents or higher, 0.01
equivalents or higher, or 0.1 equivalents or higher. The
amount of the sulfating agent relative to the total number of
disaccharide units of the GAG may be, for example, 200
equivalents or lower, 120 equivalents or lower, 60 equiva-
lents or lower, 30 equivalents or lower, 10 equivalents or
lower, or 5 equivalents or lower. The amount of the sulfating
agent relative to the total number of disaccharide units of the
GAG 1s preferably, for example, 0.001 equivalents to 200
equivalents, 0.01 equivalents to 120 equivalents, 0.1 equiva-
lents to 60 equivalents, 0.1 equivalents to 30 equivalents, 0.1
equivalents to 10 equivalents, or 0.1 equivalents to 5 equiva-
lents. In the case where two or more kinds of sulfating agents
are used 1n combination, the “amount of the sulfating agent
relative to the total number of disaccharide units of the
GAG” as used herein refers to the sum of the amounts of
cach sulfating agent relative to the total number of disac-
charide units of the GAG. The total number of disaccharide
units of the GAG can be measured by, for example, any
known method. Specifically, the total number of disaccha-
ride units of the GAG can be measured by, for example, the
disaccharide analysis method described 1in <Referential
Example 6>, <Referential Example 10>, or <Referential
Example 11> heremnbelow. Alternatively, the total number of
disaccharide umits of the GAG can be measured by, for
example, the carbazole sulfate method (BITTER T, MUIR H
M., Anal. Biochem. 1962 October; 4: 330-4).

The sulfating agent may be 1n the form of a gas, a solid
(e.g., powder or granule), or a liquid. The “ligmd” as used
herein may be a gaseous or solid sulfating agent coexistent
with a solvent. The “solvent” as used herein may be an
organic solvent, an inorganic solvent, or a mixture of an
organic solvent and an morganic solvent. The “solvent™ as
used herein may be a solvent that dissolves the coexistent
sulfating agent, or a solvent that does not dissolve the
coexistent sulfating agent. The “solvent that does not dis-
solve the sulfating agent” as used herein may be a solvent
that dissolves no coexistent sulfating agent, or a solvent that
partially but not completely dissolves the coexistent sulfat-
ing agent.

The sulfation reaction solution may be a strongly basic
solution containing only a GAG and a sulfating agent as
other components except a solvent; a strongly basic solution
containing only a GAG, a sulfating agent, and a strong base
as other components except, a solvent; or a strongly basic
solution containing an additional component besides these
components except a solvent. No particular limitation 1s
imposed on the “additional component™ as used herein, so
long as the sulfation reaction can be performed even 1n the
presence of the additional component 1n the sulfation reac-
tion solution. Examples of the additional component include
an alkali metal salt, an alkaline earth metal salt, a phosphate
salt, a sulfate salt, a surfactant, a bufler, and a component
derived from an animal or microorgamism from which the
GAG 1s extracted (e.g., a nucleic acid, a protein, a carbo-
hydrate, or a lipid). Specific examples of the additional
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component include sodium sulfate, and a component derived
from a microorganism (e.g., Lischerichia coli).

In the sulfation method of the present invention, the
materials used for the sulfation reaction may be sequentially
added 1n any order or may be simultaneously added so that
the materials coexist together. For example, the sulfation
reaction may be performed through addition, 1n any order, of
a GAG, a sulfating agent, and an inorganic solvent, and
optionally a strong base, an additional component, and an
organic solvent. In the sulfation method of the present
invention, an optional solvent may further be added after the
preparation of the sulfation reaction solution. In the case
where, for example, the strong base or the sulfating agent 1s
not dissolved partially or completely 1n the prepared sulia-
tion reaction solution, a solvent required for dissolution of
the strong base or the sulfating agent can further be added to
the solution for complete dissolution thereof. For the prepa-
ration of the sulfation reaction solution, appropriate agita-
tion and mixing are preferably performed after addition of
cach of the materials used.

In the sulfation method of the present invention, the GAG
may be undissolved 1n the sulfation reaction solution, may
be partially but not completely dissolved 1n the solution, or
may be completely dissolved in the solution. In the case
where the GAG 1s undissolved in the sulfation reaction
solution or 1s partially but not completely dissolved 1n the
solution, preferably, the GAG 1s dispersed in the solvent
through appropriate agitation of the sulfation reaction solu-
tion.

No particular limitation 1s 1mposed on the sulfation reac-
tion temperature, and the sulfation reaction temperature can
be appropriately determined depending on various condi-
tions, such as the type of the sulfating agent and the desired
degree of sulfation. In the sulfation method of the present
invention, the sulfation reaction temperature can be deter-
mined so as to fall within, for example, the temperature
range described below. The sulfation reaction temperature
may be, for example, 0° C. or higher, 4° C. or higher, 10° C.
or higher, 20° C. or higher, 30° C. or ligher, or 40° C. or
higher. The sulfation reaction temperature may be, for

example, 100° C. or lower, 90° C. or lower, 80° C. or lower,
70° C. or lower, or 60° C. or lower. The sulfation reaction
temperature 1s preferably, for example, 0° C. to 100° C., 0°
C. 10 60° C., 4° C.1t090° C., 4° C. to 60° C., 10° C. to 80°
C., 20° C. to 70° C., 20° C. to 60° C., 30° C. to 70° C., or
40° C. to 60° C.

No particular limitation 1s 1mposed on the sulfation reac-
tion time, and the sulfation reaction time can be appropri-
ately determined depending on various conditions, such as
the type of the sulfating agent and the desired degree of
sulfation. In the sulfation method of the present invention,
the sulfation reaction time can be determined so as to {fall
within, for example, the time range described below. The
sulfation reaction time may be, for example, 1 minute or
longer, 5 minutes or longer, 10 minutes or longer, 20 minutes
or longer, 30 minutes or longer, or 1 hour or longer. The
sulfation reaction time may be, for example, 168 hours or
shorter, 48 hours or shorter, 24 hours or shorter, 18 hours or
shorter, 6 hours or shorter, or 3 hours or shorter. The
sulfation reaction time 1s preferably, for example, 1 minute
to 168 hours, 5 minutes to 168 hours, 5 minutes to 48 hours,
10 minutes to 24 hours, 20 minutes to 18 hours, 30 minutes
to 6 hours, or 1 hour to 3 hours.

The sulfation reaction may be performed while the sul-
fation reaction solution 1s allowed to stand still. Preferably,
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the sulfation reaction solution 1s appropriately agitated so
that the GAG and the sulfating agent are uniformly dis-
persed 1n the solution.

In the present invention, the sugar residue (e.g., HexN or
HexA) 1s preferably a D-form.

The sulfation method of the present invention can sulfate
a GAGQG. In the sulfation method of the present invention, the
sulfation may be sulfation of an amino group (N-sulfation)
and/or sulfation of a hydroxy group (O-sulfation). In other
words, the sulfation may be N-sulfation and O-sulfation
(N,O-sulfation), N-sulfation, or O-sulfation.

(2) Production Method 1 for Sulfated GAG of the Present
Invention

The production method 1 for sulfated GAG of the present
invention (hereinatter referred to as “the production method
1 of the present invention™) 1s characterized by comprising
a step of performing the sulfation method of the present
invention.

As used herein, the term “sulfated GAG” refers to a GAG
exhibiting a degree of sulfation higher than that of the GAG
betore the sulfation reaction; 1.e., a GAG exhibiting an index
indicating the degree of sulfation higher than that of the
GAG before the sulfation reaction.

The index indicating the degree of sulfation of a GAG can
be represented by, for example, the percentage of a value
calculated by dividing the number of sulfate groups of the
GAG by the number of disaccharide units (i.e., the average
number of sulfate groups per disaccharide unit) (heremafter
the percentage referred to as “sulfation degree”). The sul-
tation degree can be calculated by, for example, any known
technique. Specifically, the sulfation degree can be calcu-
lated by, for example, the method described 1n <Referential
Example 7>, <Referential Example 8>, or <Referential
Example 13>,

The index indicating the degree of sulfation of a GAG can
also be represented by, for example, the percentage of a
value calculated by dividing the amount of atomic sulfur
contained 1n the GAG (1.e., a value obtained through mul-
tiplication of the number of sulfur atoms of the GAG by the
atomic weight of sulfur) by the molecular weight of the

il

GAG (1.e., the weight percent concentration (w/w) of the

total weight of sulfur atoms relative to the total weight of

atoms constituting the GAG) (hereinafter the percentage
referred to as “sulfur content”). The sulfur content can be
measured by, for example, any known technique. Specifi-
cally, the sulfur content can be measured by, for example, the
oxygen flask combustion method. Alternatively, the sulfur

content can be calculated by, for example, the method
described 1 <Referential Example 9> or <Referential
Example 12>.

As described above, the GAG used for the sulfation
method of the present invention may be a GAG 1itself, an
epimerized GAG, a GAG having a branched sugar residue,
or a GAG derivative. Thus, in the present invention, the
sulfated GAG may be prepared by sulfation of a GAG 1tsell,
sulfation of an epimerized GAG, sulfation of a GAG having
a branched sugar residue, or sulfation of a GAG denvative.
Examples of the GAG denvative include a deacetylated
GAG and a GAG prepared through addition of a hydropho-
bic group (e.g., an alkyl group such as a methyl group, an
acyl group such as an acetyl group, or an aryl group such as
a phenyl group). Specific examples of the GAG denvative
include a deacetylated GAG and an alkylated GAG. In the
present mnvention, the sultated GAG may be a sulfated GAG
derivative. Specific examples of the sultated GAG deriva-
tive include a sulfated deacetylated GAG or a sulfated
alkylated GAG.
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The production method 1 of the present invention, besides
comprising a step of performing the sulfation method of the
present invention, may optionally further comprise an addi-
tional step. The “additional step” as used herein 1s for
example, a step of terminating the sulfation reaction. The
sulfation reaction can be terminated by adjusting the pH of
the sulfation reaction solution to a level lower than the pH
suitable for the sulfation reaction, preferably by adjusting
the pH of the sulfation reaction solution to a pH within a
neutral or weakly acidic range. Specifically, the sulfation
reaction can be terminated by, for example, adjusting the pH
ol the sulfation reaction solution to O to 8, preferably 2 to 8,
more preferably 4 to 8, still more preferably 6 to 8. The
sulfation reaction can be terminated by, for example, adding,
a neutralizing component or an acidic component to the
sulfation reaction solution. No particular limitation 1s
imposed on the “acidic component” as used herein, so long
as 1t 1s a compound that acidifies the solution when coexists
with water. Specific examples of the acidic component
include acetic acid and hydrochloric acid.

The “additional step™ as used herein 1s, for example, a step
of acetylating the sulfated GAG. No particular limitation 1s
imposed on the method for acetylating the sulfated GAG,
and the acetylation may be performed by, for example, any
known method. The method for acetylating the sulfated
GAG 1s, for example, a method involving the use of acetic
anhydride. The method involving the use of acetic anhydride
1s described 1n, for example, the known document (Purker-
son M L, Tollefsen D M, Klahr S., J. Clin. Invest. 1988
January; 81(1): 69-74).

The “additional step™ as used herein 1s, for example, a step
of purnifying the sulfated GAG. No particular limitation 1s
imposed on the method for puritying the sulfated GAG, and
the purification may be performed by, for example, any
known method Examples of the method for purnifying the
sulfated GAG 1nclude the alcohol precipitation method
utilizing a solvent (e.g., ethanol), and chromatography (e.g.,
anion-exchange chromatography).

(3) Production Method 2 for Sulfated GAG of the Present
Invention

The production method 2 for sulfated GAG of the present
invention (hereinafter referred to as “the production method
2 of the present invention™) 1s a method for producing a
sulfated GAG characterized by, besides comprising a step of
performing the sulfation reaction by the sulfation method of
the present invention, comprising a step of performing
deacetylation reaction of the GAG (reaction to deacetylate
the GAG). The sultated GAG produced by the production
method 2 of the present mvention 1s a GAG exhibiting a
degree of acetylation lower than that of the GAG before the
sulfation reaction and the deacetylation reaction; 1.e., a GAG
exhibiting an index indicating the degree of acetylation
lower than that of the GAG before the sulfation reaction and
the deacetylation reaction. The index indicating the degree
of acetylation can be represented by, for example, the
percentage of a value calculated by dividing the number of
acetyl groups of the GAG by the number of disaccharide
units (1.e., the average number of acetyl groups per disac-
charide unit) (heremnafter the percentage relferred to as
“deacetylation degree”).

In the production method 2 of the present invention, the
deacetylation may be deacetylation of an amino group
(N-deacetylation) and/or deacetylation of a hydroxy group
(O-deacetylation). In other words, the deacetylation may be
N-deacetylation and O-deacetylation (N,O-deacetylation),
N-deacetylation, or O-deacetylation. The term “amino
group” as used herein may be an amino group inherent 1n a
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GAG (1.e., an amino group on a sugar residue of the GAG).
The term “hydroxy group” as used herein may be a hydroxy
group inherent in a GAG (1.e., a hydroxy group on a sugar
residue of the GAG).

In the production method 2 of the present invention, the
deacetylation reaction 1s performed by, for example, alkaline
hydrolysis. In the production method 2 of the present
invention, the deacetylation reaction can be performed, for
example, under coexistence of a basic solution with the
GAG. Thus, the deacetylation reaction can be performed
through, for example, addition of the GAG to a basic
solution, or basification of a solution containing the GAG.

In the production method 2 of the present invention, the
deacetylation reaction and the sulfation reaction may be
performed simultaneously; the deacetylation reaction may
be followed by the sulfation reaction; or the sulfation
reaction may be followed by the deacetylation reaction. In
the production method 2 of the present invention, the pH of
the solution and the components contained in the solution
during the deacetylation reaction may be the same as or
different from those during the sulfation reaction. For
example, 1n the case where the deacetylation reaction 1is
tollowed by the sulfation reaction, the pH of the solution
may be varied through addition of an acid or a base after the
deacetylation reaction, followed by the sulfation reaction, or
the components contained i1n the solution may be varied
through addition of another component after the deacety-
lation reaction, followed by the sulfation reaction.

No particular limitation 1s imposed on the pH of the
solution during the deacetylation reaction (hereinaiter
referred to as “pH during the deacetylation reaction”), and
the pH can be appropnately determined depending on vari-
ous conditions, such as the desired degree of deacetylation.
The pH during the deacetylation reaction may be, for
example, 11 or higher, 11.5 or lhugher, 12 or higher, 12.5 or
higher, or 13 or higher. The pH during the deacetylation
reaction may be, for example, 14 or lower or 13.5 or lower.

No particular limitation 1s imposed on the temperature of
the solution during the deacetylation reaction (hereinafter
referred to as “temperature during the deacetylation reac-
tion”), and the temperature can be approprnately determined
depending on various conditions, such as the pH of the
solution and the desired degree of deacetylation. The tem-
perature during the deacetylation reaction can be determined
so as to fall within, for example, the temperature range
described below. The temperature during the deacetylation
reaction may be, for example, 20° C. or higher, 30° C. or
higher, or 40° C. or higher. The temperature during the
deacetylation reaction may be, for example, 100° C. or
lower, 90° C. or lower, 80° C. or lower, 70° C. or lower, or
60° C. or lower. The temperature during the deacetylation
reaction 1s preferably, for example, 20° C. to 100° C., 20° C.
to 90° C., 30° C. to 80° C., 30° C. to 70° C., or 40° C. to 60°
C.

No particular limitation 1s 1mposed on the deacetylation
reaction time, and the deacetylation reaction time can be
appropriately determined depending on various conditions,
such as the temperature or the pH of the solution and the
desired degree of deacetylation. The deacetylation reaction
time can be determined so as to fall within, for example, the
time range described below. The deacetylation reaction time
may be, for example, 1 minute or longer, 5 minutes or
longer, 10 minutes or longer, 30 minutes or longer, or 1 hour
or longer. The deacetylation reaction time may be, for
example, 72 hours or shorter, 48 hours or shorter, 24 hours
or shorter, 8 hours or shorter, or 4 hours or shorter. The
deacetylation reaction time 1s preferably, for example, 1
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minute to 72 hours, 5 minutes to 48 hours, 10 minutes to 24
hours, 30 minutes to 8 hours, or 1 hour to 4 hours.

The production method 2 of the present invention may
optionally further comprise an additional step. Examples of
the “additional step” as used herein include the additional
steps described above in the production method 1 of the
present 1nvention.

(4) Production Method 3 for Sulfated GAG of the Present
Invention

The production method 3 for sulfated GAG of the present
invention (hereinafter referred to as “the production method
3 of the present invention™) 1s the method for producing a
sulfated GAG characterized by, besides comprising a step of
perform the sulfation reaction by the sulfation method of the

present invention, comprising a step of performing alky-
lation reaction of the GAG (reaction to alkylate the GAG).

The sulfated GAG produced by the production method 3 of
the present invention 1s a GAG exhlibiting a degree of
alkylation higher than that of the GAG before the sulfation
reaction and the alkylation reaction; 1.e., a GAG exhibiting
an index indicating the degree of alkylation higher than that
of the GAG belore the sulfation reaction and the alkylation
reaction. The index indicating the degree of alkylation can
be represented by, for example, the percentage of a value
calculated by dividing the number of alkyl groups of the
GAG by the number of disaccharide units (i.e., the average
number of alkyl groups per disaccharide unit) (heremafter
the percentage referred to as “alkylation degree™). Specific
examples of the “alkylation™ as used herein include meth-
ylation or ethylation.

In the production method 3 of the present invention, the
alkylation may be alkylation of an amino group (N-alky-
lation) and/or alkylation of a hydroxy group (O-alkylation).
In other words, the alkylation may be N-alkylation and
O-alkylation (N,O-alkylation), N-alkylation, or O-alky-
lation. The term “amino group” as used herein may be an
amino group inherent in a GAG (1.e., an amino group on a
sugar residue of the GAG). The term “hydroxy group” as
used herein may be a hydroxy group inherent 1n a GAG (1.¢.,
a hydroxy group on a sugar residue of the GAG).

In the production method 3 of the present mnvention, the
alkylation reaction may be performed under coexistence of
the GAG with an alkylating agent in a basic solution. Thus,
the alkylation reaction can be performed through, for
example, addition of an alkylating agent to a basic solution
containing the GAG, addition of the GAG to a basic solution
containing an alkylating agent, or basification of a solution
containing the GAG and an alkylating agent.

The alkylating agent may be any known alkylating agent
that 1s generally used for alkylation reaction. No particular
limitation 1s imposed on the alkylating agent, so long as it 1s
a compound capable of alkylating the GAG. Examples of the
alkylating agent include an alkyl halide. Examples of the
alkyl halide include 1odomethane and 10doethane.

In the production method 3 of the present mnvention, the
alkylation reaction and the sulfation reaction may be per-
formed simultaneously; the alkylation reaction may be fol-
lowed by the sulfation reaction; or the sulfation reaction may
be followed by the alkylation reaction. In the production
method 3 of the present invention, the pH of the solution and
the components contained in the solution during the alky-
lation reaction may be the same as or different from those
during the sulfation reaction. For example, in the case where
the alkylation reaction 1s followed by the sulfation reaction,
the pH of the solution may be varied through addition of an
acid or a base after the alkylation reaction, followed by the
sulfation reaction, or the components contained in the solu-
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tion may be varied through addition of another component
after the alkylation reaction, followed by the sulfation reac-
tion.

No particular limitation 1s imposed on the pH of the
solution during the alkylation reaction (heremafter referred
to as “pH during the alkylation reaction”), and the pH can be
appropriately determined depending on various conditions,
such as the desired degree of alkylation. The pH during the
alkylation reaction may be, for example, 11 or higher, 11.5
or higher, 12 or higher, 12.5 or higher, or 13 or higher. The
pH during the alkylation reaction may be, for example, 14 or
lower or 13.5 or lower.

No particular limitation 1s imposed on the temperature of
the solution during the alkylation reaction (heremafter
referred to as “temperature during the alkylation reaction™),
and the temperature can be appropnately determined
depending on various conditions, such as the pH of the
solution and the desired degree of alkylation. The tempera-
ture during the alkylation reaction can be determined so as
to fall within, for example, the temperature range described
below. The temperature during the alkylation reaction may
be, for example, 20° C. or higher, 30° C. or higher, or 40°
C. or hugher. The temperature during the alkylation reaction
may be, for example, 100° C. or lower, 90° C. or lower, 80°
C. or lower, 70° C. or lower, or 60° C. or lower. The
temperature during the alkylation reaction 1s preferably, for
example, 20° C. to 100° C., 20° C. to 90° C., 30° C. to 80°
C., 30° C. to 70° C., or 40° C. to 60° C.

No particular limitation 1s imposed on the alkylation
reaction time, and the alkylation reaction time can be
appropriately determined depending on various conditions,
such as the temperature or the pH of the solution and the
desired degree of alkylation. The alkylation reaction time
can be determined so as to fall within, for example, the time
range described below. The alkylation reaction time may be,
for example, 1 minute or longer, 5 minutes or longer, 10
minutes longer, 30 minutes or longer, or 1 hour or longer.
The alkylation reaction time may be, for example, 72 hours
or shorter, 48 hours or shorter, 24 hours or shorter, 8 hours
or shorter, or 4 hours or shorter. The alkylation reaction time
1s preferably, for example, 1 minute to 72 hours, 5 minutes
to 48 hours, 10 minutes to 24 hours, 30 minutes to 8 hours,
or 1 hour to 4 hours.

The production method 3 of the present imnvention may
optionally fturther comprise an additional step. Examples of
the “additional step” as used herein include the additional
steps described above in the production method 1 of the
present mvention.

The description of the strongly basic solution in the
production method 1 of the present invention may be applied
to the basic solution used in the production methods 2 and
3 of the present invention. For example, the basic solution
may contain a strong base. In such a case, the description
about the strong base i the production method 1 of the
present invention 1s applied, mutatis mutandis, to the strong,
base contained 1n the basic solution.

In one embodiment, each of the production methods 1, 2,
and 3 of the present invention (hereinafter collectively
referred to as “the production method of the present inven-
tion”’) may be a method for producing a GAG 1n which both
an amino group and a hydroxy group are sulfated (N,O-
sulfated GAG), a method for producing a GAG 1n which an
amino group 1s sulfated (N-sulfated GAG), or a method for
producing a GAG 1n which a hydroxy group i1s sulfated
(O-sulfated GAG). In the case where the production method
of the present invention 1s characterized by including two or
more reactions, the production method may be characterized
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in that these reactions are performed through one-pot pro-
cedure. For example, the production method 2 of the present
invention may be characterized 1n that the sulfation reaction
and the deacetylation reaction are performed through one-
pot procedure. For example, the production method 3 of the
present invention may be characterized 1n that the sulfation
reaction and the alkylation reaction are performed through
one-pot procedure. The term “one-pot procedure” refers to a
method for synthesizing a target product, in case that mul-
tistep synthesis process involving two or more reactions 1s
performed, without purification nor 1solation of a reaction
intermediate. In the production method of the present inven-
tion, the one-pot procedure may be a method for synthesiz-
ing a target product further without replacement of a solvent.
(5) Suliated GAG of the Present Invention

No particular limitation 1s imposed on the composition
ratio of disaccharide units (hereinafter referred to as “disac-
charide composition ratio”) of a sulfated GAG produced by
the production method of the present invention (hereimafter
referred to as “the sulfated GAG of the present invention™).
The disaccharide composition ratio of the sulfated GAG of
the present invention can be adjusted to any value depending
on various conditions for the sulfation method of the present
invention. Specifically, the sulfated GAG (1.e., reaction
product) exhibiting desired disaccharide composition ratio
can be produced by appropriately determining various con-
ditions, including the type and concentration of the GAG,
the type and amount of a sulfating agent or a strong base, pH,
reaction time, reaction temperature, and the concentration of
an organic solvent.

The sulfated GAG of the present invention may be
characterized by, for example, the disaccharide composition
ratio as described below.

Unless otherwise specified, the symbol “%” 1n terms of
the disaccharide composition ratio described below refers to
“mol %.” In the sulfated GAG of the present invention, the
disaccharide composition ratio may be any value. The

sulfated GAG of the present invention may be characterized
by, for example, the disaccharide composition ratio as
described below. In the sulfated GAG of the present inven-
tion, each disaccharide may exhibit a disaccharide compo-
sition ratio of, for example, 99.9% or lower, 99% or lower,
95% or lower, 90% or lower, 85% or lower, 80% or lower,
75% or lower, 70% or lower, 65% or lower, 60% or lower,
55% or lower, 50% or lower, 45% or lower, 40% or lower,
35% or lower, 30% or lower, 25% or lower, 20% or lower,
15% or lower, 10% or lower, 9% or lower, 8% or lower, 7%
or lower, 6% or lower, 5% or lower, 4% or lower, 3% or
lower, 2% or lower, or 1% or lower. In the sulfated GAG of
the present invention, each disaccharide may exhibit a
disaccharide composition ratio of, for example, 0.001% or
higher, 0.01% or higher, 0.1% or higher, 1% or higher, 2%
or higher, 3% or higher, 4% or higher, 5% or higher, 6% or
higher, 7% or higher, 8% or higher, 9% or higher, 10% or
higher, 20% or higher, 30% or higher, 40% or higher, 50%
or higher, 60% or higher, 70% or higher, 80% or higher, or
90% or higher. In the sulfated GAG of the present invention,
cach disaccharide preferably exhibits a disaccharide com-
position ratio of, for example, 0.1% to 99.9%, 0.1% to 99%,
0.1% to 95%, 0.1% to 90%, 0.1% to 85%, 0.1% to 80%,
0.1% to 75%, 0.1% to 70%, 0.1% to 65%, 0.1% to 60%,
0.1% to 55%, 0.1% to 50%, 0.1% to 45%, 0.1% to 40%.,
0.1% to 35%, 0.1% to 30%, 0.1% to 25%, 0.1% to 20%.,
0.1% to 15%, 0.1% to 10%, 0.1% to 9%, 0.1% to 8%, 0.1%
to 7%, 0.1% to 6%, 0.1% to 5%, 0.1% to 4%, 0.1% to 3%,
0.1% to 2%, 0.1% to 1%, 1% to 5%, 1% to 6%, 1% to 7%,
1% to 8%, 1% to 9%, 1% to 10%, 1% to 15%, 1% to 20%.,
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1% to 25%, 2% to 5%, 2% to 6%, 2% to 7%, 2% to 8%, 2%
to 9%, 2% to 10%, 2% to 15%, 2% to 20%, 2% to 25%, 3%
to 5%, 3% to 6%, 3% to 7%, 3% to 8%, 3% to 9%, 3% to
10%, 3% to 15%, 3% to 20%, 3% to 25%, 4% to 5%, 4%
to 6%, 4% to 7%, 4% to 8%, 4% to 9%, 4% to 10%, 4% to
15%, 4% to 20%, 4% to 25%, 5% to 6%, 5% to 7%, 5% to
8%, 5% to 9%, 5% to 10%, 5% to 15%, 5% to 20%, 5% to
25%, 5% to 30%, 5% to 40%, 5% to 50%, 5% to 60%, 5%
to 70%, 5% to 80%, 5% to 90%, 10% to 15%, 10% to 20%,
10% to 25%, 10% to 30%, 10% to 40%, 10% to 50%, 10%
to 60%, 10% to 70%, 10% to 80%, 10% to 90%, 15% to
20%, 15% to 25%, 15% to 30%, 15% to 40%, 15% to 50%,
15% to 60%, 15% to 70%, 15% to 80%, 15% to 90%, 20%
to 25%, 20% to 30%, 20% to 40%, 20% to 50%, 20% to
60%, 20% to 70%, 20% to 80%, 20% to 90%, 25% to 30%,
25% to 40%, 25% to 50%, 25% to 60%, 25% to 70%, 25%
to 80%, 25% to 90%, 30% to 40%, 30% to 50%, 30% to
60%, 30% to 70%, 30% to 80%, 30% to 90%, 40% to 50%,
40% to 60%, 40% to 70%, 40% to 80%, or 40% to 90%.

The disaccharide composition ratio of the sulfated GAG
ol the present invention can be determined by, for example,
any known method. Specifically, the disaccharide composi-
tion ratio can be determined by, for example, the disaccha-
ride analysis method described 1n <Referential Example 6>,

<Referential Example 10>, or <Referential Example 1>
hereinbelow.

(6) Sulfated Chondroitin of the Present Invention (Chon-
droitin Sulfate of the Present Invention)

In the case where the sulfated GAG of the present
invention 15 a GAG prepared through sulfation of CH
(herematter referred to as “sulfated CH of the present
invention’™), the sulfated GAG may be characterized by, for
example, the disaccharide composition ratio as described
below. In the following description, a disaccharide contain-
ing a structure represented by [HexA1-3GalN1-4] 1s abbre-
viated as “CH-0S”; a disaccharide containing a structure
represented by [HexAl-3GalN(65)1-4] 1s abbreviated as
“CH-65"; a disaccharide containing a structure represented
by [HexA-3GalN(4S)1-4] 1s abbreviated as “CH-4S"; disac-
charide containing a structure represented by [HexA(2S)1-
3GalN1-4] 1s abbreviated as “CH-2S; a disaccharide con-
taining a structure represented by [HexA(2S)1-3GalN(6S5)
1-4] 1s abbreviated as “CH-d1S,”; a disaccharide containing
a structure represented by [HexAl-3GalN(4,65)1-4] 1s
abbreviated as “CH-di1S.”; a disaccharide containing a struc-
ture represented by [HexA(25)1-3GalN(45)1-4] 1s abbrevi-
ated as “CH-d1S;”; and a disaccharide containing a structure
represented by [HexA(25)1-3GalN(4,65)1-4] 1s abbreviated
as “CH-tn1S.” In the atorementioned formulae, “1-3” repre-
sents a 1-3 glycosidic bond; “1-4” represents a 1-4 glyco-
sidic bond; “6S” represents a 6-O-sulfate group; “4S” rep-
resents a 4-O-sulfate group; and “2S” represents a 2-O-
sulfate group, “HexA” may be GIlcA or IdoA. The “1-3
glycosidic bond” may be a 31-3 glycosidic bond 11 Hex A 1s
GlcA, or may be an a.1-3 glycosidic bond 1f Hex A 1s IdoA.
The “1-4 glycosidic bond” may be a 31-4 glycosidic bond.
In the aforementioned description, each disaccharide does
not have a non-specified sulfate group. In the aforemen-
tioned description, the expression “containing” includes
“consisting of.” Thus, for example, a “disaccharide contain-
ing a structure represented by [HexA1-3GalN1-4]” may be
a “disaccharide consisting of a structure represented by
|[HexA1-3GalN1-4].” In the aforementioned description,
“GalN” may be GalNAc. Thus, for example, a “disaccharide
containing a structure represented by [HexAl-3GalN1-4]”
may be a “disaccharide containing a structure represented by
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|[HexA1-3GalNAc1-4]” or a “disaccharide consisting of a
structure represented by [HexAl1-3GalNAc1-4].”

The sulfated CH of the present invention may be a GAG
characterized 1n that, for example, the disaccharide compo-
sition ratio of CH-6S 1s highest among all the disaccharides
having a sulfate group (exclusive of CH-0S). In the sulfated
CH of the present invention, the disaccharide composition
ratio of CH-6S 1s preferably 10% or higher, more preferably
20% or higher, still more preferably 30% or higher, particu-

larly preferably 40% or higher. In the sulfated CH of the
present invention, the disaccharide composition ratio of

CH-6S may be 100% or lower, 80% or lower, 60% or lower,

or 50% or lower. In the sulfated CH of the present invention,
the disaccharide composition ratio of CH-6S falls within the
range of disaccharide composition ratio exemplified above
in the section “(5) Sulfated GAG of the present invention.”
In the sulfated CH of the present invention, the disaccharide
composition ratio of CH-6S 1s specifically, for example,
10% to 100%, 20% to 80%, 20% to 60%, 20% to 50%, 30%
to 60%, 30% to 50%, or 40% to 50%.

The sulfated CH of the present invention may be a GAG
characterized in that, for example, the disaccharide compo-
sition ratio of CH-4S 1s lower than that of CH-6S. In the
sulfated CH of the present invention, the disaccharide com-
position ratio of CH-4S 1s preferably 5% or lower, more
preferably 4% or lower, still more preferably 3% or lower,
particularly pretferably 2% or lower. In the sultfated CH of
the present invention, the disaccharide composition ratio of
CH-4S may be 0.1% or higher, 0.2% or higher, 0.5% or
higher, or 1% or higher. In the sulfated CH of the present
invention, the disaccharide composition ratio of CH-4S {falls
within the range of disaccharide composition ratio exempli-
fied above 1n the section “(5) Sulfated GAG of the present
invention.” In the sulfated CH of the present invention, the
disaccharide composition ratio of CH-4S 1s specifically, for
example, 0.1% to 5%, 0.2% to 4%, 0.2% to 3%, 0.2% to 2%,
0.5% to 3%, 0.5% to 2%, or 1% to 2%.

The sulfated CH of the present invention may be a GAG
characterized 1n that, for example, the disaccharide compo-
sition ratio of CH-2S 1s higher than that of CH-4S. In the
sulfated CH of the present invention, the disaccharide com-
position ratio of CH-2S 1s preferably 3% or higher, more
preferably 4% or higher, still more preferably 5% or higher,
particularly preferably 6% or higher. In the sulfated CH of
the present invention, the disaccharide composition ratio of
CH-2S may be 25% or lower, 20% or lower, 15% or lower,
or 10% or lower. In the sulfated CH of the present invention,
the disaccharide composition ratio of CH-2S falls within the
range ol disaccharide composition ratio exemplified above
in the section “(5) Sulfated GAG of the present invention.”
In the sulfated CH of the present invention, the disaccharide
composition ratio of CH-2S 1s specifically, for example, 3%
to 25%, 4% to 20%, 4% to 15%, 4% to 10%, 5% to 15%, 5%
to 10%, or 6% to 10%.

The sultated CH of the present invention may be a GAG
characterized 1n that, for example, the ratio of the disaccha-
ride composition ratio of CH-2S to that of CH-4S (i.e.,
25/48S ratio) falls within the range described below. In the
sulfated CH of the present invention, the 25/4S ratio 1s
preferably higher than 3, more preferably 3.5 or higher, still
more preferably 4 or higher, particularly preferably 5 or
higher. In the sulfated CH of the present invention, the 25/4S
ratio may be 20 or lower, 15 or lower, or 10 or lower. In the
sulfated CH of the present invention, the 25/4S ratio 1s, for
example, higher than 3 to 20, higher than 3 to 15, 3.5 to 15,
3.5to 10, 4 to 10, or 5 to 10.
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The sulfated CH of the present invention may be a GAG
characterized 1n that, for example, the disaccharide compo-
sition ratio of CH-2S 1s lower than that of CH-6S. In the
sulfated CH of the present invention, the disaccharide com-
position ratio of CH-2S 1s preferably 25% or lower, more
preferably 20% or lower, still more preferably 15% or lower,
particularly preferably 10% or lower. In the sulfated CH of
the present invention, the disaccharide composition ratio of
CH-2S may be 3% or higher, 4% or higher, 5% or higher, or
6% or higher. In the sulfated CH of the present invention, the
disaccharide composition ratio of CH-2S falls within the
range ol disaccharide composition ratio exemplified above
in the section “(5) Sulfated GAG of the present invention.”
In the sulfated CH of the present invention, the disaccharide
composition ratio of CH-2S 1s specifically, for example, 3%
to 25%, 4% to 20%, 4% to 15%, 4% to 10%, 5% to 15%, 5%
to 10%, or 6% to 10%.

The sulfated CH: of the present invention may be a GAG
characterized in that, for example, the ratio of the disaccha-
ride composition ratio of CH-2S to that of CH-6S (.e.,
25/68S ratio) falls within the range described below. In the
sulfated CH of the present invention, the 25/6S ratio 1s
preferably 2 or lower, more preferably 1.5 or lower, still
more preferably 1 or lower, particularly preferably 0.5 or
lower. In the sulfated CH: of the present invention, the 25/65
ratio may be higher than 0.1, 0.125 or higher, or 0.15 or
higher. In the sulfated CH of the present invention, the 25/6S
ratio 1s, for example, higher than 0.1 to 2, 0.125 to 2, 0.125
to 1.5, 0.15 to 1.5, 0.15to 1, or 0.15 to 0.5.

The sulfated CH of the present invention may be a GAG
characterized 1n that, for example, the disaccharide compo-
sition ratio of CH-diS; 1s substantially zero. In the sulfated
CH of the present invention, the disaccharide composition
ratio of CH-diS; 1s preferably 1% or lower, more preferably
0.5% or lower, particularly preferably 0.1% or lower. The
sulfated CH of the present invention may be a GAG char-
acterized in that the disaccharide composition ratio of CH-
diS; 15 zero.

The sulfated CH of the present invention may be a GAG
characterized 1n that, for example, the disaccharide compo-
sition ratio of CH-d1S, 1s higher than that of CH-4S. In the
sulfated CH of the present invention, the disaccharide com-
position ratio of CH-diS,, 1s preferably 10% or higher, more
preferably 15% or higher, still more preferably 20% or
higher, particularly preferably 25% or higher. In the sulfated
CH of the present invention, the disaccharide composition
ratio of CH-d1S,, may be 50% or lower, 40% or lower, 35%
or lower, or 30% or lower. In the sulfated CH of the present
invention, the disaccharide composition ratio of CH-diS,,
talls within the range of disaccharide composition ratio
exemplified above 1n the section “(5) Sulfated GAG of the
present invention.” In the sulfated CH of the present inven-

tion, the disaccharide composition ratio of CH-di1S, 1s spe-
cifically, for example, 10% to 50%, 15% to 40%, 15% to

35%, 15% to 30%, 20% to 35%, 20% to 30%, 25% to 30%,
25% to 40%, or 25% to 50%.

In the sulfated CH of the present invention, the disaccha-
ride composition ratio of each of CH-0S, CH-diS., and
CH-tr1S may be any value. In the sultfated CH of the present
invention, the disaccharide composition ratio of CH-0S,
CH-diS,, or CH-tr1S falls within the range of disaccharide
composition ratio exemplified above in the section *“(5)
Sulfated GAG of the present invention.”

In the sulfated CH of the present invention, the disaccha-
ride composition ratio can be calculated through determi-
nation of the composition ratio of unsaturated disaccharides
by, for example, the disaccharide analysis method described
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in <Referential Example 6> hereinbelow. Specifically, the
disaccharide composition ratio of CH-0S can be determined
as the composition ratio of ADi-0S; the disaccharide com-
position ratio of CH-6S can be determined as the composi-
tion ratio of ADi1-6S; the disaccharide composition ratio of
CH-4S can be determined as the composition ratio of
AD1-4S; the disaccharide composition ratio of CH-2S can be
determined as the composition ratio of ADi-2S; the disac-
charide composition ratio of CH-d1S,, can be determined as
the composition ratio of ADi-diS,,; the disaccharide com-
position ratio of CH-diS. can be determined as the compo-
sition ratio of AD1-di1S.; the disaccharide composition ratio
of CH-di1S; can be determined as the composition ratio of
AD1-d1S,; and the disaccharide composition ratio of CH-triS
can be determined as the composition ratio of ADi1-tn1S.

No particular limitation 1s imposed on the molecular
weight of the sulfated CH of the present invention, and the
molecular weight may be any value. The molecular weight
may be, for example, the molecular weight of the GAG used
for the sulfation method of the present invention, which 1s
exemplified above 1n the section “(1) Sulfation method of
the present invention.”

No particular limitation 1s imposed on the sulfation degree
of the sulfated CH of the present invention, and the sulfation
degree may be any value. The sulfation degree may be, for
example, 1% or higher, 5% or higher, 10% or higher, 25%
or higher, or 50% or higher. The sulfation degree may be, for
example, 400% or lower, 200% or lower, 150% or lower, or

125% or lower. The sulfation degree i1s preferably, for
example, 1% to 400%, 5% to 200%, 10% to 200%, 10% to

150%, 10% to 123%, 25% to 200%, 25% to 150%, 25% to
125%, 50% to 200%, 50% to 150%, or 50% to 125%.
(7) Sulfated Hyaluronic Acid of the Present Invention

In the case where the sulfated GAG of the present
invention 15 a GAG prepared through sulfation of HA
(heremaiter referred to as “‘sulfated HA of the present
invention”), the sulfated GAG may be characterized by, for
example, the disaccharide composition ratio as described
below. In the following description, a disaccharide contain-
ing a structure represented by [HexA1-3GIcN1-4] 1s abbre-
viated as “HA-0S”; a disaccharide containing a structure
represented by [HexAl-3GIcN(6S)1-4] 1s abbreviated as
“HA-6S”; a disaccharide containing a structure represented
by [HexA1-3GIcN(4S)1-4] 1s abbreviated as “HA-4S”; and
a disaccharide containing a structure represented by [HexA
(25)1-3GIcN1-4] 1s abbreviated as “HA-25.” In the afore-
mentioned formulae, “1-3” represents a 1-3 glycosidic bond;
“1-4” represents a 1-4 glycosidic bond; “6S” represents a
6-O-sulfate group; “4S” represents a 4-O-sulfate group; and
“25” represents a 2-O-sulfate group. “HexA” may be GlcA
or IdoA. The “1-3 glycosidic bond” may be a $1-3 glyco-
sidic bond 11 Hex A 1s GIcA, or may be an al-3 glycosidic
bond 1f Hex A 1s IdoA. The “1-4 glycosidic bond” may be a
31-4 glycosidic bond. In the aforementioned description, the
expression “‘containing’” includes “consisting of.” Thus, for
example, a “disaccharide containing a structure represented
by [HexAl1-3GIcN1-4]” may be a “disaccharide consisting
of a structure represented by [HexAl-3GIcN1-4].” In the
alforementioned description, “GIcN” may be GIcNAc. Thus,
for example, a “disaccharide containing a structure repre-
sented by [HexAl1-3GIcN1-4]” may be a “disaccharnide
containing a structure represented by [HexAl1-3GIcNAcI -
417 or a “disaccharide consisting of a structure represented
by [HexA1-3GlcNAc1-4].”

The sulfated HA of the present invention may be a GAG
characterized by, for example, having HA-4S as a disaccha-
ride component. In the sulfated HA of the present invention,




US 10,259,889 B2

25

the disaccharide composition ratio of HA-4S may be any
value. In the sulfated HA of the present invention, the
disaccharide composition ratio of HA-4S may be, for
example, 0.001% or higher, 0.01% or higher, 0.1% or higher,
0.5% or higher, 1% or higher, 2% or higher, 3% or higher,
4% or higher, or 5% or higher. The disaccharide composition
ratio of HA-4S may be, for example, 25% or lower, 20% or
lower, or 15% or lower. In the sulfated HA of the present
invention, the disaccharide composition ratio of CH-4S {falls
within the range of disaccharide composition ratio exempli-
fied above 1n the section “(5) Sulfated GAG of the present
invention.” In the sulfated HA of the present invention, the

disaccharide composition ratio of HA-4S 1s specifically, for
example, 0.1% to 25%, 1% to 20%, 1% to 15%, 2% to 20%,

2% to 15%, 3% to 20%, 3% to 15%, 4% to 20%, 4% to 15%,
5% to 20%, or 3% to 1>%.

In the sulfated HA of the present invention, the disaccha-
ride composition ratio of each of HA-0S, HA-6S, and
HA-2S may be any value. In the sulfated HA of the present
invention, the disaccharide composition ratio of HA-0S,
HA-6S, or HA-2S falls within the range of disaccharide
composition ratio exemplified above 1n the section. *“(5)
Sulfated GAG of the present invention.”

In the sulfated HA of the present invention, the disaccha-
ride composition ratio can be calculated through determi-
nation of the composition ratio of unsaturated disaccharides
by, for example, the disaccharide analysis method described
in <Referential Example 10> hereinbelow. Specifically, the
disaccharide composition ratio of HA-0S can be determined
as the composition ratio of AD1HA-0S; the disaccharide
composition ratio of HA-6S can be determined as the
composition ratio of AD1HA-6S; the disaccharide composi-
tion ratio of HA-4S can be determined as the composition
ratio of ADiHA-4S; and the disaccharide composition ratio
of HA-2S can be determined as the composition ratio of
AD1HA-2S.

No particular limitation 1s imposed on the molecular
weight of the sulfated HA of the present invention, and the
molecular weight may be any value. The molecular weight
may be, for example, the molecular weight of the GAG used
for the sulfat 1on method of the present invention, which 1s
exemplified above 1n the section “(1) Sulfation method of
the present mvention.” The sulfated HA of the present
invention may be, for example, a GAG characterized by
being a polymer of high molecular weight. The molecular
weight may be, for example, 4 MDa (megadalton) or lower,
3.5 MDa or lower, 3 MDa or lower, or 2.5 MDa or lower.

The molecular weight may be, for example, 1 MDa or
higher, 1.5 MDa or higher, or 2 MDa or higher. The

molecular weight 1s preferably, for example, 1 MDa to 4
MDa, 1 MDa to 3.5 MDa, 1 MDa to 3 MDa, 1 MDa to 2.5
MDa, 1.5 MDa to 4 MDa, 1.5 MDa to 3.5 MDa, 1.5 MDa
to 3 MDa, 1.5 MDa to 2.5 MDa, 2 MDa to 4 MDa, 2 MDa
to 3.5 MDa, 2 MDa to 3 MDa, or 2 MDa to 2.5 MDa. The
term “molecular weight” as used herein refers to a weight
average molecular weight. The molecular weight of the
sulfated HA can be measured by, for example, any known
method. Specifically, the molecular weight of the sulfated
HA may be a weight average molecular weight measured by
means ol, for example, size exclusion chromatography.
More specifically, the molecular weight of the sulfated HA
can be measured by, for example, the method described 1n
<Referential Example 5> hereinbelow.

Unless otherwise specified, the symbol “%” 1 terms of
the sulfur content described below refers to “mass %.” The
sulfated HA of the present invention may be a GAG char-
acterized by, for example, the sulfur content as described
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below. In the sulfated HA of the present invention, the sulfur
content may be any value. The sulfur content may be, for
example, 10% or lower, 8% or lower, 6% or lower, or 4% or
lower. The sulfur content may be, for example, 0.5% or
higher, 1% or higher, or 2% or higher. The sultfur content 1s
preferably, for example, 0.5% to 10%, 0.5% to 8%, 0.5% to
6%, 0.5% to 4%, 1% to 10%, 1% to 8%, 1% to 6%, 1% to
4%, 2% to 10%, 2% to 8%, 2% to 6%, or 2% to 4%.

(8) Sulfated Heparosan of the Present Invention

In the case where the sulfated GAG of the present
invention 15 a GAG prepared through sulfation of HPN
(herematter referred to as “sulfated HPN of the present
invention™), the sulfated GAG may be characterized by, for
example, the disaccharide composition ratio as described
below. In the following description, a disaccharide contain-
ing a structure represented by [HexA1-4GIcN1-4] 1s abbre-
viated as “HS-0S”; a disaccharide containing a structure
represented by [HexAl1-4GIcNS1-4] 1s abbreviated as “HS-
NS”’; a disaccharide contaiming a structure represented by
[HexA1-4GIcN(65)1-4] 1s abbreviated as “HS-6S""; a disac-
charide containing a structure represented by [HexA(2S)1-
4GIcN1-4] 1s abbreviated as “HS-2S”’; a disaccharide con-
taining a structure represented by [HexA1-4GIc(NS,65)1-4]
1s abbreviated as “HS-diS,”; a disaccharide containing a
structure represented by [Hex A(25)1-4GIcNS1-4] 1s abbre-
viated as “HS-di1S,”; a disaccharide containing a structure
represented by [HexA(25)1-4GIcNAc(65)1-4] 1s abbrevi-
ated as “HS-d1S,”; and a disaccharide containing a structure
represented by [Hex A(2S5)1-4Glc(NS,65)1-4] 1s abbreviated
as “HS-tr1S.” In the aforementioned formulae, “1-4” repre-
sents a 1-4 glycosidic bond; “65” represents a 6-O-sulfate
group; “NS” represents an N-sulfate group; and “25” rep-
resents a 2-O-sulfate group. “HexA” may be GlcA or IdoA.
The “1-4 glycosidic bond at the reducing terminal of HexA”
may be a [31-4 glycosidic bond if HexA 1s GIcA, or may be
an o.1-4 glycosidic bond 1f HexA 1s IdoA. The “1-4 glyco-
s1dic bond at the non-reducing terminal of HexA” may be an
a.1-4 glycosidic bond. In the aforementioned description,
cach disaccharide does not have a non-specified sulfate
group. In the aforementioned description, the expression
“containing” includes “consisting of.” Thus, for example, a
“disaccharide contaiming a structure represented by [Hex Al -
4GIlcN1-4]” may be a “disaccharide consisting of a structure
represented by [HexA1-4GIcN1-4].” In the aforementioned
description, “GlcN” may be GIcNAc. Thus, for example, a
“disaccharide containing a structure represented by [Hex Al -
4GlcN1-4]” may be a “disaccharide containing a structure
represented by [HexAl1-4GIcNAc1-4]” or a “disaccharide
consisting of a structure represented by [HexA1-4GIcNAc] -
41.”
In the sulfated HPN of the present invention, the disac-
charide composition ratio of each of HS-0S, HS-NS, HS-685,
HS-285, HS-di1S,, HS-diS,, HS-diS;, and HS-tr1S may be any
value. In the sulfated HPN of the present invention, the
disaccharide composition ratio of HS-0S, HS-NS, HS-65,
HS-2S, HS-diS,, HS diS,, HS-d1S;, or HS-tr1S falls within
the range of disaccharide composition ratio exemplified
above 1n the section “(5) Sulfated GAG of the present
invention.”

In the sulfated HPN of the present invention, the disac-
charide composition ratio can be calculated through deter-
mination of the composition ratio of unsaturated disaccha-
rides by, for example, the disaccharide analysis method
described 1n <Referential Example 11> herembelow. Spe-
cifically, the disaccharide composition ratio of HS-0S can be
determined as the composition ratio of ADiHS-0S; the
disaccharide composition ratio of HS-NS can be determined
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as the composition ratio of ADiIHS-NS; the disaccharide
composition ratio of HS-6S can be determined as the com-
position ratio of AD1HS-6S; the disaccharide composition
ratio of HS-2S can be determined as the composition ratio of
AD1HS-2S; the disaccharide composition ratio of HS-diS,
can be determined as the composition ratio of ADiIHS-d1S,;
the disaccharide composition ratio of HS-d1S, can be deter-
mined as the composition ratio of AD1IHS-d1S,; the disac-
charide composition ratio of HS-di1S; can be determined as
the composition ratio of AD1HS-d1S;; and the disaccharide
composition ratio ol HS-tnS can be determined as the
composition ratio of AD1HS-tr1S.

No particular limitation 1s imposed on the molecular
weight of the sulfated HPN of the present invention, and the
molecular weight may be any value. The molecular weight
may be, for example, the molecular weight of the GAG used
for the sulfation method of the present imnvention, which 1s
exemplified above 1n the section “(1) Sulfation method of
the present mnvention.”

No particular limitation 1s imposed on the sulfation degree
of the sulfated HPN of the present invention, and the
sulfation degree may be any value. The sulfation degree may
be, for example, 1% or higher, 5% or higher, 10% or higher,
25% or higher, or 50% or higher. The sulfation degree may
be, for example, 400% or lower, 200% or lower, 150% or
lower, or 123% or lower. The sulfation degree 1s preferably,
for example, 1% to 400%, 5% to 200%, 10% to 200%, 10%
to 150%, 10% to 125%, 25% to 200%, 25% to 150%, 25%
to 125%, 50% to 200%, 50% to 150%, or 50% to 125%.
(9) Application of Sulfated GAG of the Present Invention

In one embodiment, the sulfated GAG of the present
invention 1s characterized by having anticoagulant activity
similar to that of a GAG having a sulfate group (e.g., HEP
or DS). Thus, the sulfated GAG of the present invention may
be a glycosaminoglycan characterized by having heparin-
like anticoagulant activity; specifically, heparosan charac-
terized by having heparin-like anticoagulant activity. The
sulfated GAG of the present invention can be used as, for
example, an anticoagulant agent for blood.

In one embodiment, the sulfated GAG of the present
invention 1s characterized 1n that the disaccharide composi-

tion ratio differ from those 1n any known GAG, such as a
GAG denived from an ammal, or a GAG sulfated by a
method mvolving the use of an organic solvent. Thus, the
sulfated GAG of the present invention is also expected to be
a novel useful material.

EXAMPLES

The present invention will next be described 1n more
detail by way of examples, which should not be construed as
limiting the technical scope of the invention thereto.

In the examples described below, the sulfation reaction
was terminated by neutralizing the sulfation reaction solu-
tion to a pH of 6 to 8 through addition of acetic acid or
hydrochloric acid.

In the examples described below, the “equivalent” of the
amount of a sulfating agent added refers to the mole equiva-
lent thereof.

Among GAGs used 1 the examples described below, HA
and CS were commercially available products (manufac-
tured by SEIKAGAKU CORPORATION), and the other
GAGs (CH, dCH, and NAH) were prepared by the methods
described below 1n <Referential Example 1> to <Referential
Example 3>.
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<Referential Example 1> Preparation of
Chondroitin

Chondroitin (CH) was prepared by the method described
in the known document (Japanese Kohyo (PCT) Patent

Publication No. 2013-520995). Specifically, chondroitin

(CH) was prepared through culture of E. coli MSC702 strain
(constructed by transformation of E. coli W3110 strain

(ATCC 273235) with the kioA, kioB, kioC, kioF, and kioG
genes (four copies each) of £. coli K4 strain, the kpsF, kpsE,
kpsD, kpsU, kpsC, kpsS, kpsM, and kpsT genes (one copy
cach) of E. coli K4 strain, and the xylS gene (one copy) of
Pseudomonas putida), followed by purification of the resul-
tant culture supernatant.

<Referential Example 2> Preparation of Desulfated
Chondroitin Sulfate

Desulfated chondroitin sulfate (dCH) was prepared
through desulfation of chondroitin sulfate C (CSC) by the
method described 1in the known document (J. Am. Chem,
Soc., 1937,79 (1), pp. 152-133). The preparation procedures
of dCH are as follows.

CSC (dernived from shark cartilage, manufactured by
SEIKAGAKU CORPORATION) (10 g) was added to a
methanol-hydrochloric acid solution (prepared by addition
of acetyl chloride (7 mL) to methanol (93 mL)), and the
resultant mixture was agitated by means of a magnetic stirrer
(heremaftter referred to simply as “stirrer”) for 20 hours.
Thereatter, the resultant product was subjected to centrifu-
gation, and the precipitate was recovered. The precipitate
was dissolved 1n purified water (100 mL), and the solution
was neutralized by addition of an aqueous NaOH solution,
followed by dialysis against purified water overnight. The
solution was lyophilized, and 0.1 M NaOH was added to the
resultant dry powder so as to achieve a concentration of 20
g/L.. The resultant solution was agitated by means of a stirrer
overnight. The solution was neutralized by addition of HCI,
and then dialyzed against purified water overnight. The
resultant solution was lyophilized, to thereby vield a
lyophilized dCH product. The resultant dCH was found to
contain CH-0S (disaccharide composition ratio: 99.8%) and
CH-6S (0.2%). No other disaccharides were detected in the
GAG.

<Referential Example 3> Preparation of
N-Acetylheparosan

N-acetylheparosan (NAH) was prepared by the method
described 1n the known document (Japanese Patent Appli-
cation Laid-Open (kokai) No. 2004-018840). Specifically,
N-acetylheparosan (NAH) was prepared through culture of

E. coli K5 strain (Serotype O10:K5(L):H4, ATCC 23506),
tollowed by purification of the resultant culture supernatant.

<Referential Example 4> Determination of
Molecular Weight of Glycosaminoglycan (1)

The molecular weight (weight average molecular weight)
of CH, sulfated CH, HPN, or sulfated HPN was determined
by means of size exclusion chromatography under the
conditions described below.

The molecular weight of CH, sulfated CH, HPN, or
sulfated HPN was determined by means of sequentially
connected TSK gel columns G4000PWXL, G3000PWXL,
and G23500PW XL (inner diameter: 7.8 mmxlength: 300 mm,

manufactured by Tosoh Corporation) at a column tempera-
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ture of 40° C. 0.2 M NaCl was used as a mobile phase, and
the tlow rate was adjusted to 0.6 mL/min. A differential
refractive index detector was used for detection. The
molecular weight of a specimen was calculated by use of a
calibration curve on the basis of the retention times of peaks
obtained through application (100 uL) of a solution of the
specimen (concentration: 1 mg/ml.). The calibration curve
was prepared by use of standards (molecular weight: 52.2
kDa, 31.4 kDa, 20.0 kDa, 10.2 kDa, and 6.57 kDa). The
standards were prepared through stepwise ethanol fraction-
ation of CSC (denived from shark cartilage, manufactured by
SEIKAGAKU CORPORATION), and their absolute

molecular weights were measured by means of the static
light scattering method (SLS).

<Referential Example 5> Determination of
Molecular Weight of Glycosaminoglycan (2)

The molecular weight (weight average molecular weight)
of HA or sulfated HA was determined by means of size
exclusion chromatography under the conditions described
below.

The molecular weight of HA or sulfated HA was deter-
mined by means of a column Ultrahydrogel Linear (inner

diameter: 7.8 mmxlength: 300 mm, manufactured by
Waters) at a column temperature of 40° C. 0.2 M Na(Cl was

used as a mobile phase, and the flow rate was adjusted to 0.6
ml./min. A differential refractive index detector was used for

detection. The molecular weight of a specimen was calcu-
lated by use of a calibration curve on the basis of the
retention times of peaks obtained through application (50
ul) of a solution of the specimen (concentration: 1 mg/mlL).

The calibration curve was prepared by use of pullulans (5.9
kDa, 11.8 kDa, 22.8 kDa, 47.3 kDa, 112 kDa, 212 kDa, 404

kDa, 788 kDa, 1.22 MDa, and 2.35 MDa, manufactured by
SHOWA DENKO K.K.) through the Mark-Houwink cor-

rection by the method described in the known document
(Yomota C, Miyazaki T, Okada S., Kokuritsu Iyakuhin

Shokuhin Eise1 Kenkyusho Hokoku. 1999; 117: 135-9.). The
Mark-Houwink correction 1s a method for correcting the

molecular weights of heterogeneous polymers by utilizing
the phenomenon that the hydrodynamic volume 1s propor-
tional to the multiplication of intrinsic viscosity [n] and
weight average molecular weight [Mw]; 1.e., two heteroge-
neous polymers exhibiting the same elution position (reten-
tion time) have the same multiplication value of [n] and
[Mw] 1n si1ze exclusion chromatography. Thus, even 1n the
case¢ where pullulan 1s used as a standard matenal, for
example, the molecular weight of HA or sulfated HA can be
determined through the Mark-Houwink correction. For the
Mark-Houwink correction, the intrinsic viscosity [n] of
pullulan was calculated by use of the following formula (1),

and that of HA was calculated by use of the following
formula (2).

[M]=0.014Mw"-"°

(1)
(2)

In each of the atorementioned formulae, the “Mw” 1ndi-
cates the weight average molecular weight of the corre-
sponding material. The Mark-Houwink correction was per-
formed by use of the software attached to the HPLC system
(Prominence CPC, manufactured by Shimadzu Corpora-
tion).

[0]=0.0228Mw" 516

<Referential Example 6> Composition Analysis of
Sulfated Chondroitin

For the composition analysis of sulfated CH, the sulfated
CH was decomposed by an enzyme, and the resultant
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disaccharides were subjected to composition analysis (here-
iafter referred to as “disaccharide analysis™). The disac-
charides were detected by means of HPLC post-column
derivatization. The procedures for disaccharide analysis of
sulfated CH are described below.

(1) Decomposition of Sulfated Chondroitin

A solution (10 mg/mL) of sulfated CH in purified water
was mixed with a half volume of 100 mM Tris-HCI (pH 7.4)
and a half volume of a chondroitinase solution (prepared by,
addition of 0.1% bovine serum albumin (BSA) to Chondroi-
tinase ABC (manufactured by SEIKAGAKU CORPORA-
TION) to achieve a concentration of 0.1 U/ul), and the
resultant solution was allowed to stand still at 37° C. for
three hours. The solution was allowed to stand still 1n boiling
water for one minute, and then mixed with a four-fold
volume of purified water. The resultant solution was applied
to a centrifugal filtration device (Microcon-10, manufac-
tured by Millipore), and the filtrate after centrifugation was
recovered as a specimen for disaccharide analysis.

(2) Analysis by HPLC Post-Column Denvatization

The disaccharide analysis was performed by use of a
column Senshu Pak DOCOSIL SP100 (inner diameter: 4.6
mmxlength: 150 mm, manufactured by Senshu Scientific
Co., Ltd.) at a column temperature of 55° C. The eluent was
an online-mixed solution of solvent A (purified water),
solvent B (200 mM NaC(l), solvent C (10 mM tetrabutylam-
monium), and solvent D (50% acetonitrdle), and the flow
rate was adjusted to 1.1 mL/min. The eluate from the column
was mixed with a solution of a derivatization reagent (a
solution prepared by online-mixing of 0.5% 2-cyanoacet-
amide and 0.25 M NaOH (1:1)) (tlow rate: 0.7 mL/min) by
use of a three-way joint. The resultant mixture was passed
through a reaction coil (inner diameter: 0.5 mmxlength: 10
m), a cooling coil (inner diameter: 0.25 mmxlength: 3 m),
and a fluorescence detector, in this order. The reaction coil
was used at 125° C. The cooling coil was used 1n distilled
water at room temperature. The fluorescence detector was
used at an excitation wavelength of 346 nm and a fluores-
cence wavelength of 410 nm.

The elution was performed i1n a linear gradient mode
wherein the mixing ratio of solvent. B was increased from
1% to 4% (between the initiation of the analysis and 10
minutes after the initiation), increased from 4% to 15%
(between 10 minutes and 11 minutes after the initiation),
increased from 13% to 25% (between 11 minutes and 20
minutes after the initiation), increased from 25% to 53%
(between 20 minutes and 22 minutes after the initiation), and
maintained at 53% (between 22 minutes and 29 minutes
alter the 1mitiation). The mixing ratios of solvents C and D
were not varied; 1.e., the mixing ratios of solvents C and D
were maintained at 12% and 17%, respectively.

(3) Calculation of Disaccharide Composition Ratio

The composition ratio of disaccharide units (hereinafter
referred to as “disaccharide composition ratio”) was calcu-
lated as follows: the specimen prepared in (1) above (10 uL)
was applied to the analysis system; the amount by mole of
cach disaccharide was calculated on the basis of the area of
a peak obtained through the analysis described 1n (2) above
by use of a calibration curve; and the amount by mole of the
disaccharide was divided by the total amount by mole of all
the disaccharides, and the quotient value was expressed in
percentage of the disaccharide composition ratio (%). The
calibration curve was prepared by use of, as standard mate-
rials, chondroitin-sulfate-derived unsaturated disaccharides
(AD1-0S (hereinaiter referred to as “05), AD1-6S (herein-
after referred to as “65”), AD1-4S (heremafter referred to as
“45”), AD1-2S(hereinafter referred to as “257), ADi-diS,,
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(hereinafter referred to as “diS5”), AD1-diS. (hereinafter
referred to as “diS.”), and ADi-tr1S (hereinatter referred to

as “tnS”), manufactured by SEIKAGAKU CORPORA-
TION).

<Referential Example 7> Calculation of Sulfation
Degree of Sulfated Chondroitin

The sulfation degree of sulfated CH was calculated by
substituting the disaccharide composition ratio calculated 1n
<Referential Example 6> above into the following formula

(3).

Sulfation degree (%)=S;+2xS5+3xS; (3)

In the aforementioned formula, S, represents the sum of
the disaccharide composition ratios of 6S, 4S, and 2S; S,
represents the sum of the disaccharide composition ratios of
d1S, and diS.; and S; represents the disaccharide composi-
tion ratio of tris.

<Referential Example 8> Determination of
Sulfation Degree of Sulfated Hyaluronic Acid

The sulfation degree of sulfated HA was determined
through capillary electrophoresis of a specimen prepared by
acid hydrolysis of sulfated HA. Specifically, the mole con-
centrations of sulfate 1ons and glucosamine (GIcN) con-
tained 1n a specimen prepared by acid hydrolysis of sulfated
HA were determined by means of Caplllary clectrophoresis;
the mole concentration of sulfate 1ons was divided by the
mole concentration of GIcN; and the quotient value was
expressed 1n percentage of the sulfation degree (%). The
procedures for determination of the sulfation degree of
sulfated HA are described below.

(1) Decomposition of Glycosaminoglycan

A solution (1 mg/mL) of sulfated HA 1n purified water
was mixed with a three-fold volume of 6N HCI, and the
resultant solution was allowed to stand still at 113° C. for
three hours for acid hydrolysis. The resultant solution was
evaporated to dryness by means of a centrifugal evaporator,
and then dissolved 1n purified water (the amount of purified
water was equal to that used for preparation of the sulfated
HA solution). The resultant solution was centrifuged to
precipitate insoluble matter, and the supernatant was recov-
ered as a specimen for determination of the mole concen-
trations of GIcN and sulfated 1ons.

(2) Analysis by Capillary Electrophoresis

The mole concentrations of GIcN and sulfated 1ons were
determined by means of Uncoated fused silica capillary
(inner diameter: 50 umxlength: 104 cm, manufactured by
Agilent) at a temperature of 25° C. Basic Anion Bufler
(manufactured by Agilent) was used as a mobile phase, and
a voltage of -30 kV was applied. A spectrophotometric
detector was used for detection (measurement wavelength:
350 nm, reference wavelength: 230 nm).

(3) Calculation of Sulfation Degree

The sulfation degree was calculated as follows: the speci-
men prepared m (1) above was applied to the analysis
system under pressurization at 100 mbar for eight seconds;
the mole concentrations of GIcN and sulfated 1ons were
calculated on the basis of the areas of peaks obtained
through the analysis described 1 (2) above by use of a
calibration curve; and the mole concentration of sulfate 1ons
was divided by the mole concentration of GIcN, and the
quotient value was expressed 1n percentage of the sulfation
degree (%). The calibration curve was prepared by use of a

specimen obtained through the treatment (e.g., acid hydro-
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lysis described 1n (1) above), and GalNAc and sodium
sulfate (Na,SO,) serving as standard materials.

<Referential Example 9> Calculation of Sulfur
Content of Sulfated Glycosaminoglycan

The sulfur content of sulfated GAG was calculated by
substituting the sulfation degree into the following formula

(4).

Sulfur content (%)=[(the atomic weight of sulfur)x

(sulfation degree/100)]/[(the molecular weight
of OS)+(the molecular weight of SO;)x(sulfa-

tion degree/100)]x100 (4)

In the atorementioned formula, the molecular weight of
0S was set to 379.3, the molecular weight of SO, was set to
80.1, and the atomic weight of sulfur was set to 32.1.

<Referential Example 10> Composition Analysis of
Sulfated Hyaluronic Acid

For the composition analysis of sulfated HA, the sulfated
HA was decomposed by an enzyme, and the resultant
disaccharides were subjected to composition analysis (disac-
charide analysis). The procedures for disaccharide analysis
of sulfated HA are described below.

(1) Decomposition of Sulfated Hyaluronic Acid

A solution (10 mg/mL) of sulfated HA 1n purified water
was mixed with a half volume of 100 mM Tris-HCI (pH 7.4)
and a half volume of a chondroitinase solution (prepared by
addition of 0.1% bovine serum albumin (BSA) to Chondroi-
tinase ABC (manufactured by SEIKAGAKU CORPORA-
TION) to achieve a concentration of 0.1 U/ul), and the
resultant solution was allowed to stand still at 37° C. for
three hours. The solution was allowed to stand still in boiling
water for one minute, and then mixed with a four-fold
volume of purified water. The resultant solution was applied
to a centrifugal filtration device (Microcon-10, manufac-
tured by Millipore), and the filtrate after centrifugation was
recovered as a specimen for disaccharide analysis.

(2) HPLC analysis

The disaccharide analysis was performed by use of a
column UK-Amino (inner diameter: 4.6 mmxlength: 150
mm, manufactured by Senshu Scientific Co., Ltd.) at a
column temperature of 60° C. The eluent was an online-
mixed solution of solvent A (purified water) and solvent B
(0.8 M NaH,PO,), and the flow rate was adjusted to 1
ml./min. A spectrophotometric detector was used for detec-
tion (measurement wavelength: 232 nm).

The elution was performed in a linear gradient mode
wherein the mixing ratio of solvent B was increased from
2% to 65% (between the 1mitiation of the analysis and 20
minutes aiter the mitiation).

(3) Calculation of Disaccharide Composition Ratio

The disaccharide composition ratio was calculated as
follows: the specimen prepared in (1) above (10 uL) was
applied to the analysis system; the amount by mole of each
disaccharide was determined on the basis of the area of a
peak obtained through the analysis described 1n (2) above by
use ol a calibration curve; and the amount by mole of the
disaccharide was divided by the total amount by mole of all
the disaccharides, and the quotient value was expressed in
percentage of the disaccharide composition ratio (%). The
calibration curve was prepared by use of, as standard mate-
rials, sulfated-hyaluronic-acid-derived unsaturated disac-
charides (AD1HA-0S (hereinafter referred to as “0S”),
AD1IHA-6S (hereimnafter referred to as “65”), ADiHA-4S5
(heremaftter referred to as “4S”), and AD1HA-2S (hereinatter
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referred to as “25”")). The sulfated-hyaluronic-acid-derived
unsaturated disaccharides were prepared as follows: HA
sulfated by the sulfation method of the present invention was
decomposed 1nto disaccharides by the method described 1n
(1) above; the disaccharides were subjected to anion-ex-
change chromatography and size exclusion chromatogra-
phy; and the bonding positions of sulfate groups were
identified by mass analysis and NMR.

<Referential Example 11> Composition Analysis of
Sulfated Heparosan

For the composition analysis of sulfated heparosan, the
sulfated heparosan was decomposed by an enzyme, and the
resultant disaccharides were subjected to composition analy-
s1s (disaccharnide analysis). The disaccharides were detected
by means of HPLC post-column derivatization. The proce-
dures for disaccharide analysis of sulfated heparosan are
described below.

(1) Decomposition of Sulfated Heparosan

A solution (10 mg/mlL) of sulfated heparosan 1n purified
water was mixed with a half volume of 20 mM aqueous
sodium acetate solution (pH 7.0)/2 mM calcium acetate and

a half volume of EM II solution (prepared by addition of
0.1% ESA to achieve 3 mU/ul. heparitinase I, 2 mU/uL
heparitinase II, and 5 mU/ul. heparinase (manufactured by
SEIKAGAKU CORPORATION)), and the resultant solu-
tion was allowed to stand still at 37° C. for three hours. The
solution was allowed to stand still 1n boiling water for one
minute, and then mixed with a four-fold volume of purified
water. The resultant solution was applied to a centrifugal
filtration device (Microcon-10, manufactured by Millipore),
and the filtrate after centrifugation was recovered as a
specimen for disaccharide analysis.
(2) Analysis by HPLC Post-Column Derivatization

The disaccharide analysis was performed under the same
conditions as described in the section “(2) Analysis by
HPLC post-column derivatization” of <Referential Example
6>
(3) Calculation of Disaccharide Composition Ratio

The disaccharide composition ratio was calculated as
follows: the specimen prepared n (1) above (10 ul) was
applied to the analysis system; the amount by mole of each
disaccharide was determined on the basis of the area of a
peak obtained through the analysis described in (2) above by
use ol a calibration curve; and the amount by mole of the
disaccharide was divided by the total amount by mole of all
the disaccharides, and the quotient value was expressed in
percentage of the disaccharide composition ratio (%). The
calibration curve was prepared by use of, as standard mate-
rials, heparin- or heparan-sulfate-derived unsaturated disac-
charides (AD1HS-0S (heremnafter referred to as “0S”),
AD1IHS-NS (hereinafter referred to as “NS”), ADiHS-6S
(heremaftter referred to as “65), ADiIHS-d1S, (hereinafter
referred to as “di1S,”), AD1HS-di1S,, (hereinafter referred to as
“d1S,7), and ADiHS-tr1S (heremafiter referred to as “tr1S”),
manufactured by SEIKAGAKU CORPORATION).

<Referential Example 12> Calculation of Sulfur
Content of Alkylated Sulfated Chondroitin

The sulfur content of alkylated sultated CH was deter-
mined through capillary electrophoresis of a specimen pre-
pared by acid hydrolysis of the sulfated CH. Specifically, the
mole concentration of sulfate 10ons contained 1n a specimen
prepared by acid hydrolysis of alkylated sulfated CH was
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determined by means of capillary electrophoresis, and then
the sulfur content was calculated from the following formula

(5).

Sulfur content (%)=(the atomic weight of sulfur)/(the

molecular weight of sulfate 1ons)x(the concen-
tration of sulfate 1ons)/(the concentration of

GAG)x100 (5)

In the aforementioned formula, the atomic weight of
sulfur was set to 32.1, and the molecular weight of sulfate
ions was set to 96.1. In the atorementioned formula, the
concentration of GAG was obtained by dividing the dry
weight of alkylated sulfated CH by the amount of the sample
solution.

In the aforementioned method, the determination by
means of acid hydrolysis and capillary electrophoresis was
performed under the same conditions as described 1n <Ref-
crential Example 8>,

<Referential Example 13> Calculation of Sulfation
Degree of Sulfated Heparosan

The sulfation degree of sultated HPN was calculated by

substituting the disaccharide composition ratio calculated 1n
<Referential Example 11> above into the following formula

(6).

Sulfation degree (%)=S;+2xS5+3x8; (6)

In the atorementioned formula, S, represents the sum of
the disaccharide composition ratios of NS, 6S, and 28S; S,
represents the sum of the disaccharide composition ratios of
diS,, diS,, and diS;; and S, represents the disaccharide
composition ratio of tris.

<Example 1> Examination of Mole Concentration
of Strong Base (1)

Na,SO, and an aqueous NaOH solution (0.1 M to 4 M)
were added to CH (35.8 kDa) to prepare a solution having
a CH concentration of 100 mg/mL (10% w/v) and a Na,SO,
concentration of 500 mg/mL. The solution was heated to 40°
C. and a sulifur trioxide-trimethylamine complex (TMA-
SO,) (manufactured by Sigma-Aldrich) (2.9 equivalents,
equal to the concentration of CH 1n terms of weight con-
centration (w/v)) was added to the solution. Thereafter, the
resultant solution was agitated by means of a stirrer for one
hour for sulfation reaction. After the termination of the
reaction, the resultant solution was mixed with a three-fold
volume of purified water and then dialyzed against purified
water for two days. The resultant solution was neutralized by
addition of an aqueous NaOH solution and then lyophilized,
to thereby vield a dry powder. The resultant sulfated CH was
subjected to disaccharide analysis, to thereby calculate the

sulfation degree. The results are 1illustrated in Table 1 and
FIG. 1.

TABLE 1
NaOH Disaccharide composition ratio (%) Sulfation degree
(M) 0S8 6S 4S5 25 diSp, diSp; tnS (%)
0.1 96.4 3.0 0.1 0.6 0.0 0.0 0.0 4
0.25 7.8 10.1 0.2 1.9 0.0 0.0 0.0 12
0.5 75.0 196 04 3.6 1.2 0.2 0.0 26
0.75 64.7 269 0.6 4.7 2.7 0.4 0.0 38
1 57.0 319 08 54 4.3 0.7 0.0 48
2 544 332 09 54 5.1 1.0 0.0 52
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TABLE 1-continued

NaOH Disaccharide composition ratio (%) Sulfation degree
(M) 0S 6S 45 28 diSp, diSz  triS (%0)
3 604 29.1 09 48 39 1.0 0.0 45
4 62.6 279 1.0 46 3.1 0.9 0.0 42

The sultfated CH produced by the sulfation method of the
present invention exhibited a disaccharide composition ratio
of CH-d1S, of lower than 0.1%. Thus, description of data on
CH-diS;; 1s omitted 1n the table. In subsequent Examples,
description of data on CH-diS, will be omitted 1n tables.

As 1s shown i1n Table 1, 1t was confirmed that, by the
examination using CH, the coexistence of a GAG and a
sulfating agent in a strongly basic solution could lead to
sulfation of the GAG. It was also found that appropriate
adjustment of the mole concentration of a strong base could
lead to production of a sulfated GAG exhibiting a desired
sulfation degree.

<HExample 2> Examination of Mole Concentration
of Strong Base (2)

Na,SO, and an aqueous NaOH solution (0.5 M to 4 M)
were added to HA (800 kDa) to prepare a solution having an
HA concentration of 10 mg/mL (1% w/v) and a Na,SO,
concentration of 100 mg/mL. The solution was heated to 40°
C. and TMA-SO, (58 equivalents, 20 times the concentra-
tion of HA in terms of weight concentration (w/v)) was
added to the solution. Thereafter, the resultant solution was
agitated by means of a stirrer for three hours for sulfation
reaction. After the termination of the reaction, the resultant
solution was mixed with an equamount of purified water
and then dialyzed against purified water overnight. The
resultant solution was neutralized by addition of an aqueous
NaOH solution and then lyophilized, to thereby yield a dry
powder. The sulfation degree of the resultant sulfated HA
was determined, to thereby calculate the sulfur content. The
results are 1llustrated 1n Table 2.

TABLE 2
NaOH Sulfation degree Sulfur content
(M) (%) (%)
0.05 2 0.2
0.1 4 0.4
0.5 37 2.9
1 70 53
2 43 3.4
3 34 2.7
4 30 2.4

As 1s shown 1n Table 2, it was confirmed that a GAG could

be sulfated even in the case where the GAG 1s HA.
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<Example 3> Examination of Mole Concentration
of Strong Base (3)

Na,SO, and an aqueous NaOH solution (0.05 M to 2 M)
were added to CH (35.8 kDa) to prepare a solution having
a CH concentration of 100 mg/mL (10% w/v) and a Na,SO,

concentration of 500 mg/mL. The solution was heated to 40°
C. and TMA-SO, (2.9 equivalents) was added to the solu-
tion. Thereaftter, the resultant solution was agitated by means
of a stirrer for five minutes for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a three-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby vield a dry powder. The
resultant sulfated CH was subjected to disaccharide analysis,
to thereby calculate the sulfation degree. The results are
illustrated 1n Table 3.

TABLE 3
NaOH Sulfation degree
(M) pH (7o)
0.05 11.5 1
0.1 11.7 2
2 13.1 50

The pH illustrated 1n Table 3 corresponds to the pH of the
sulfation reaction solution measured at the time of comple-
tion of the reaction (i.e., five minutes after addition of the
sulfating agent). As 1s shown 1n Table 3, 1t was confirmed
that the coexistence ol a GAG and a sulfating agent 1n a

solution at a pH of 11.5 or higher could lead to sulfation of
the GAG.

<Example 4> Examination of Reaction
lemperature

Na,SO, and 2 M aqueous NaOH solution were added to
CH (41.8 kDa) to prepare a solution having a CH concen-
tration of 200 mg/mL (20% w/v) and a Na,SO, concentra-
tion of 500 mg/mL. The solution was heated or cooled to a
temperature of 0 to 60° C. and TMA-SO, (2.9 equivalents)
was added to the solution. Thereafter, the resultant solution
was agitated by means of a stirrer for one hour for sulfation
reaction. After the termination of the reaction, the resultant
solution was mixed with a three-fold volume of purified
water and then dialyzed against purified water for two days.
The resultant solution was neutralized by addition of an
aqueous NaOH solution and then lyophilized, to thereby
yield a dry powder. The resultant sulfated CH was subjected
to disaccharide analysis, to thereby calculate the sulfation
degree. In addition, the molecular weight of the sulfated CH
was measured. The results are illustrated in Table 4.

TABLE 4
Sulfation Molecular

Disaccharide composition ratio (%) degree welght
0S 65 4S5 28  diS,  diSz S (%) (kDa)
74.7 19.5 04 309 1.2 0.2 0.0 27 31.1
31.6 414 1.3 79 137 2.2 1.9 88 31.2
29.9 388 1.5 88  16.0 2.6 2.4 94 29.2
35.6 36,5 1.6 91 133 2.1 1.8 83 30.2
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As 1s shown 1n Table 4, it was confirmed that a GAG could
be sulfated at any reaction temperature. It was also found
that appropriate adjustment of the reaction temperature
could lead to production of a sulfated GAG exhibiting a
desired sulfation degree. In one embodiment, sulfated CH
(1.e., a GAG prepared through sulfation of CH) 1s charac-
terized by containing CH-6S 1n the highest disaccharide
composition ratio. This characteristic feature 1s common
with chondroitin sulfate C (CSC). Thus, it was also found
that the method of the present invention could prepare a

CSC-like polysaccharide.

<Example 5> Examination of Concentration of
Glycosaminoglycan (1)

Na,SO, and 2 M aqueous NaOH solution were added to
CH (30.2 kDa) to prepare a solution having a CH concen-
tration of 10 to 66.7 mg/mL (1 to 6.67% w/v) and a Na,SO,,
concentration of 500 mg/mL. The solution was heated to 40°
C. and TMA-SO, (2.9 equivalents) was added to the solu-
tion. Thereatter, the resultant solution was agitated by means
of a stirrer for one hour for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a three-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder. The
resultant sulfated CH was subjected to disaccharide analysis,
to thereby calculate the sulfation degree. In addition, the
molecular weight of the sulfated CH was measured. The
results are 1llustrated 1n Table 3.

TABLE 3
Sulfation
Concentration Disaccharide composition ratio (%) degree
(W/v) 0S 68 485 28 diSp diSz;  triS (%)
1 93.9 5.0 0.1 0.9 0.1 0.0 0.0 6
2.5 6.0 11.2 03 2.0 0.4 0.1 0.0 15
5 74.1 20.3 0.5 34 1.4 0.3 0.0 28
6.67 65.8 26.0 0.6 4.3 2.7 0.6 0.0 38

As 1s shown i1n Table 5, 1t was confirmed that, by the
examination using CH, a GAG could be sulfated at any
GAG concentration. It was also found that appropriate
adjustment of the GAG concentration could lead to produc-
tion of a sulfated GAG exhibiting a desired sulfation degree.

<Example 6> Examination of Concentration of
Glycosaminoglycan (2)

Na,SO, and 2 M aqueous NaOH solution were added to
a solution of HA (2.7 MDa) in purified water to prepare a
solution having a final HA concentration of 1 to 10 mg/mlL.
(0.1 to 1% w/v), a final Na,SO, concentration of 80 mg/mlL,
and a final NaOH concentration of 1 M. The solution was
cooled to 4° C. and TMA-SO; (58 equivalents) was added to

the solution. Thereaiter, the resultant solution was agitated
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by means of a stirrer for 18 hours for sulfation reaction. After
the termination of the reaction, the resultant solution was
mixed with a two-fold volume of punfied water and then
dialyzed against purified water for two days. The resultant
solution was neutralized by addition of an aqueous NaOH
solution and then lyophilized, to thereby yield a dry powder.
The sulfation degree of the resultant sulfated HA was
determined, to thereby calculate the sulfur content. In addi-
tion, the molecular weight of the sulfated HA was measured.
The results are illustrated 1n Table 6.

TABLE 6
Concentration Sulfation degree Molecular weight Sulfur content
(Wiv) (7o) (MDa) (7o)
0.1 11 2.3 0.9
0.5 36 2.1 2.8
1 37 2.2 2.9

As 1s shown 1n Table 6, 1t was confirmed that a GAG could
be sulfated at any GAG concentration even in the case where
the GAG 1s HA. It was also confirmed that, 1n one embodi-
ment, the sulfated HA (GAG) prepared by the sulfation
method of the present invention had a molecular weight of
2 MDa or higher even after the sulfation reaction.

<Example 7> Examination of Reaction Time (1)

Na,SO, and 2 M aqueous NaOH solution were added to
CH (41.8 kDa) to prepare a solution having a CH concen-

Molecular

welght

45
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55

(kDa)

26.3
26.6
27.2
27.0

tration of 200 mg/mL (20% w/v) and a Na,SO, concentra-
tion of 500 mg/mL. The solution was heated to 40° C. and
TMA-SO, (2.9 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for a predetermined period of time (one to nine
hours) for sulfation reaction. After the termination of the
reaction, the resultant solution was mixed with a three-fold
volume of purified water and then dialyzed against purified
water for two days. The resultant solution was neutralized by
addition of an aqueous NaOH solution and then lyophilized,

to thereby vield a dry powder. The resultant sulfated CH was
subjected to disaccharide analysis, to thereby calculate the
sulfation degree. In addition, the molecular weight of the
sulfated CH was measured. The results are illustrated in

Table 7.

TABLE 7
Sulfation Molecular
Time Disaccharide composition ratio (%) degree welght
(hour) 0S 68 48 28 diS,  diSg treS (%) (kDa)
1 253 410 14 8.1 18.2 3.0 3.0 102 30.4
3 235 408 14 7.9 19.3 3.3 3.7 107 31.4
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TABLE 7-continued

Sulfation
Time Disaccharide composition ratio (%o) degree
(hour) 0S 68 48 28 diSp diSz triS (%)
6 229 40.7 1.4 7.8 19.9 3.4 3.9 108
9 22.6 41.1 1.4 7.9 19.8 3.4 3.8 108

As 1s shown 1n Table 7, 1t was confirmed that, by the

examination using CH, any reaction time could be used for
sulfation of a GAG.

<Example 8> Examination of Reaction Time (2)

Na,SO, and 2 M aqueous NaOH solution were added to
a solution of HA (2.7 MDa) in purified water to prepare a
solution having a final HA concentration of 1 mg/mlL (0.1%
w/v), a final Na,SO, concentration of 80 mg/ml., and a final
NaOH concentration of 1 M. The solution was cooled to 4°
C. and TMA-SO, (58 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for a predetermined period of time (one to seven
days) for sulfation reaction. After the termination of the
reaction, the resultant solution was mixed with a two-fold
volume of purified water and then dialyzed against purified
water for two days. The resultant solution was neutralized by
addition of an aqueous NaOH solution and then lyophilized,
to thereby yield a dry powder. The sulfation degree of the
resultant sulfated HA was determined, to thereby calculate
the sulfur content. The results are illustrated 1n Table 8.

TABLE 8

Sulfur content
(%0)

Sulfation degree
Reaction time (%)
11
18

0.9
1.5

1 day
7 days

As 1s shown 1n Table 8, 1t was confirmed that any reaction
time could be used for sultation of a GAG even 1n the case

where the GAG 1s HA.

<Example 9> Examination of Additive Amount of
Sulfating Agent (1)

Na,SO, and 2 M aqueous NaOH solution were added to
CH (41.8 kDa) to prepare a solution having a CH concen-
tration of 200 mg/mlL. (20% w/v) and a Na,SO, concentra-
tion of 500 mg/mL. The solution was heated to 40° C. and
TMA-SO, (0.3 to 2.9 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for 20 hours for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a 1.5-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder. The
resultant sulfated CH was subjected to disaccharide analysis,
to thereby calculate the sulfation degree. The results are
illustrated in Table 9.

Molecular
welght
(kDa)
31.4
30.3
10
TABLE 9
Sulfating agent Sulfation
(Mole Disaccharide composition ratio (%) degree
15 equivalents) 0S 68 4S5 2S5 diSp diSp S (%0)
0.3 86.1 11.2 05 15 04 0.2 0.1 15
0.9 63.0 281 1.2 42 2.6 0.7 0.3 41
2.0 2777 420 1.6 74 156 3.1 2.6 96
2.9 18.8 404 1.6 7.0 222 4.2 5.8 119
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As 1s shown 1n Table 9, it was confirmed that, by the
examination using CH, a GAG could be sulfated through
addition of any amount of a sulfating agent. It was also
found that appropriate adjustment of the additive amount of
a sulfating agent could lead to production of a sulfated GAG
exhibiting a desired sulfation degree.

<Example 10> Examination of Additive Amount of
Sulfating Agent (2)

Na,SO, and 2 M aqueous NaOH solution were added to
a solution of HA (2.7 MDa) in purified water to prepare a
solution having a final HA concentration of 1 mg/mL (0.1%
w/v), a final Na,SO, concentration of 80 mg/ml., and a final
NaOH concentration of 1 M. The solution was cooled to 4°
C. and TMA-SO, (29 to 116 mole equivalents) was added to
the solution. Thereatter, the resultant solution was agitated
by means of a stirrer for 18 hours for sulfation reaction. After
the termination of the reaction, the resultant solution was
mixed with a two-fold volume of punified water and then
dialyzed against purified water for two days. The resultant
solution was neutralized by addition of an aqueous NaOH
solution and then lyophilized, to thereby yield a dry powder.
The sulfation degree of the resultant sulfated HA was

determined, to thereby calculate the sulfur content. The
results are illustrated 1n Table 10.

TABL.

(L]

10

Sulfur content
(%)

Sulfation degree
(7o)

Sulfating agent
(Mole equivalents)

29 0 0.5
5% 11 0.9
116 20 1.7

As 1s shown 1n Table 10, 1t was confirmed that a GAG

could be sulfated through addition of any amount of a
sulfating agent even in the case where the GAG 1s HA.

<Example 11> Examination of Type of Strong Base

Na,SO, and 1 M strongly basic aqueous solution (aque-

ous NaOH solution, aqueous KOH solution, or aqueous
[L1OH solution) were added to HA (800 kDa) to prepare a
solution having a final HA concentration of 1 mg/mlL (0.1%

w/v) and a final Na,SO, concentration of 100 mg/mL. The




US 10,259,889 B2

41

solution was cooled to 4° C. and TMA-S0, (58 equivalents)
was added to the solution. Thereafter, the resultant solution
was agitated by means of a stirrer for 18 hours for sulfation
reaction. After the termination of the reaction, the resultant
solution was mixed with a two-fold volume of purified water
and then dialyzed against purified water for two days. The
resultant solution was neutralized by addition of an aqueous
NaOH solution and then lyophilized, to thereby vyield a dry
powder. The sulfation degree of the resultant sulfated HA
was determined, to thereby calculate the sulfur content. The
results are illustrated in Table 11.

TABLE 11
Sulfation degree Sulfur content
Solvent (%0) (%)
NaOH 11 0.9
KOH 12 1.0
L1OH 12 1.0

As 1s shown 1n Table 11, 1t was confirmed that a GAG
could be sulfated even 1n the case where an aqueous KOH
solution or an aqueous L1OH solution was used as a strongly
basic solution.

<BExample 12> Examination of Type of Sulfating
Agent (1)

Na,SO, and 2 M aqueous NaOH solution were added to
CH (41.8 kDa) to prepare a solution having a CH concen-
tration of 200 mg/ml. (20% w/v) and a Na,SO, concentra-
tion of 500 mg/mL. The solution was heated to 40° C. and
a sulfur trioxide-pyridine complex (Pyr-SO,, manutactured
by Tokyo Chemical Industry Co., Ltd.) (2.9 equivalents) was
added to the solution. Thereafter, the resultant solution was
agitated by means of a stirrer for one hour for sulifation
reaction. After the termination of the reaction, the resultant
solution was mixed with a three-fold volume of purified
water and then dialyzed against purified water for two days.
The resultant solution was neutralized by addition of an
aqueous NaOH solution and then lyophilized, to thereby
yield a dry powder. The resultant sulfated CH was subjected
to disaccharide analysis, to thereby calculate the sulfation
degree. The results are illustrated i Table 12.

TABLE 12
Sulfation
Disaccharide composition ratio (%) degree
Sulfating agent 0S 6S 4S5 28 diS, diSp  triS (%0)
Pyr-8SO; 70.6 164 1.2 82 3.0 0.5 0.2 33

As 1s shown 1n Table 12, 1t was confirmed that a GAG
could be sulfated even 1n the case where Pyr-SO, 1s used as
a sulfating agent.

<Example 13> Examination of Type of Sulfating
Agent (2)

2 M aqueous NaOH solution was added to CH (41.8 kDa)
to prepare a solution having a CH concentration of 100
mg/mlL (10% w/v). The solution was heated to 40° C. and a
sulfur trioxide-dimethylethylamine complex (DMEA-SQO,,
prepared by addition of a solvent mixture of chlorosulionic
acid (10 mL) and chloroform (20 mL) to a solvent mixture

of dimethylethylamine (100 mL) and chloroform (100 mL)
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under 1ce cooling) (2.9 equivalents) was added to the solu-
tion. Thereaftter, the resultant solution was agitated by means
of a stirrer for one hour for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a three-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby vyield a dry powder. The

resultant sulfated CH was subjected to disaccharide analysis,

to thereby calculate the sulfation degree. The results are
illustrated 1n Table 13.

TABLE 13
Sulfation
Sulfating Disaccharide composition ratio (%) degree
agent 0S 68 4S5 28 diSp, diSp S (%)
DMEA- 58.8 288 14 59 43 0.8 0.0 46
SO,

As 1s shown 1n Table 13, 1t was confirmed that a GAG

could be sulfated even 1n the case where DMEA-SQO, 1s used
as a sulfating agent.

<BExample 14> Examination of Mole Concentration
of Strong Base (4)

Na,SO, and an aqueous NaOH solution (2 M or 3 M)
were added to HA (800 kDa) to prepare a solution having an
HA concentration of 10 mg/ml. (1% w/v) and a Na,SO,
concentration of 80 mg/mL. The solution was cooled to 4°
C. and TMA-SO, (58 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for 18 hours for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a two-fold volume of purified water and then dialyzed
against purified water overnight. The resultant solution was
neutralized by addition of an aqueous NaOH solution and
then lyophilized, to thereby vyield a dry powder. The sulfa-
tion degree of the resultant sulfated HA was determined, to

thereby calculate the sulfur content. The results are illus-
trated 1n Table 14.

TABLE 14
NaOH Sulfation degree Sulfur content
(M) (%) (%0)
1 11 0.9
2 55 4.2
3 Q0 6.4

As 1s shown 1n Table 14, in the case of a reaction
temperature of 4° C., 1t was confirmed that a NaOH con-
centration of 2 M or 3 M could lead to sulfation reaction
ciliciency higher than that 1n case of a NaOH concentration
of 1 M (1.e., the concentration exhibiting the highest sulfa-

tion reaction efliciency at a reaction temperature of 40° C.,
see Table 2).

<Example 15> Examination of Additive Amount of
Sodium Sulfate

Na,SO, and 2 M aqueous NaOH solution were added to
CH (41.8 kDa) to prepare a solution having a CH concen-
tration of 200 mg/mL (20% w/v) and a Na,SO, concentra-
tion of 200 to 600 mg/mL. Separately, only 2 M aqueous
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NaOH solution was added to CH to prepare a solution
containing no Na,SO,. Each of these solutions was heated
to 40° C. and TMA-SO; (2.9 equivalents) was added to the
solution. Thereafter, the resultant solution was agitated by
means of a stirrer for one hour for sulfation reaction. After
the termination of the reaction, the resultant solution was
mixed with a three-fold volume of purified water and then
dialyzed against purified water for two days. The resultant
solution was neutralized by addition of an aqueous NaOH
solution and then lyophilized, to thereby yield a dry powder.
The resultant sulfated CH was subjected to disaccharide
analysis, to thereby calculate the sulfation degree. In addi-
tion, the molecular weight of the sulfated CH was measured.
The results are 1llustrated 1n Table 15.

TABLE 15
Sulfation

Na,S0, Disaccharide composition ratio (%) degree
(mg/mL) 0S 6S 45 2S  diSp,  diSz S (%)
0 277.5 42.8 14 7.7 163 2.3 2.0 95
200 26.0  41.7 1.5 7.9 17.6 2.8 2.6 95
400 25.6 414 1.5 8.1 17.8 2.9 2.8 101
600 27.1 40.6 1.5 82 171 2.8 2.7 100

As 1s shown 1n Table 15, 1t was confirmed that a GAG
could be sulfated regardless of the additive amount of
sodium sulfate. It was also confirmed that no coexistence
with a sulfate salt (e.g., sodium sulfate) 1s preferred for
preventing a reduction 1n molecular weight accompanied by
the sulfation reaction.

<Example 16> Examination of Sulfation of GAG
Having Sulfate Group (1)

2 M aqueous NaOH solution was added to chondroitin
sulfate A (CSA) (20.1 kDa) to prepare a solution having a
CSA concentration of 200 mg/mL (20% w/v). The solution

was heated to 40° C. and TMA-SO; (2.9 equivalents) was

added to the solution. Thereafter, the resultant solution was
agitated by means of a stirrer for one hour for sulfation
reaction. After the termination of the reaction, the resultant
solution was mixed with a three-fold volume of purified
water and then dialyzed against purified water for two days.
The resultant solution was neutralized by addition of an
aqueous NaOH solution and then lyophilized, to thereby
yield dry powder. The resultant sulfated CS was subjected to
disaccharide analysis, to thereby calculate the sulfation
degree. The results are illustrated in Table 16.

TABLE 16
Sulfation
Disaccharide composition ratio (%o) degree

0S 68 4S8 28 diSp,  diSg tniS (%0)
Before 1.2 199 70.7 0.0 6.7 0.9 0.6 108
sulfation
After 0.7 148 33.8 0.1 7.8 376 5.2 155
sulfation

As 1s shown 1n Table 16, 1t was confirmed that, by the
examination using CSA, the coexistence of a GAG having
a sulfate group and a sulfating agent in a strongly basic
solution could lead to sulfation of the GAG having a sulfate
group and an increase 1n sulfation degree. In one embodi-
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ment, sulfated CSA (1.e., a GAG prepared through sulfation
of CSA) 1s characterized by containing CH-diS. 1n the
highest disaccharide composition ratio. This characteristic
feature 1s common with chondroitin sulfate E (CSE). Thus,
it was also found that the method of the present mnvention
could prepare a CSE-like polysaccharide.

<Hxample 17> Examination of Sulfation of GAG
Having Sulfate Group (2)

2 M aqueous NaOH solution was added to chondroitin
sulfate C (CSC) (14.8 kDa) to prepare a solution having a
CSC concentration of 200 mg/mL. (20% w/v). The solution
was heated to 40° C. and TMA-SO, (2.9 equivalents) was
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added to the solution. Thereafter, the resultant solution was
agitated by means of a stirrer for one hour for sulfation
reaction. After the termination of the reaction, the resultant
solution was mixed with a three-fold volume of purified
water and then dialyzed against purified water for two days.
The resultant solution was neutralized by addition of an
aqueous NaOH solution and then lyophilized, to thereby
yield a dry powder. The resultant sulfated CS was subjected
to disaccharide analysis, to thereby calculate the sulfation
degree. The results are illustrated in Table 17.

TABLE 17
Sulfation
Disaccharide composition ratio (%) degree
0S 65 4S8 28 diSp, diSp S (%0)
Before 0.9 650 134 0.0 16.8 0.8 3.0 123
sulfation
After sulfation 0.6 50.9 7.9 0.0 222 13.8 4.7 145

As 1s shown 1n Table 17, 1t was confirmed that, by the
examination using CSC, the coexistence of a GAG having a

sulfate group and a sulfating agent 1n a strongly basic
solution could lead to sulfation of the GAG having a sulfate
group and an increase in sulfation degree. In one embodi-
ment, sulfated CSC (1.e., a GAG prepared through sulfation
of CSC) 1s characterized by contaiming CH-diS,, 1n a disac-
charide composition ratio of 20% or higher. This character-
1stic feature 1s common with chondroitin sulfate D (CSD).
Thus, 1t was also found that the method of the present
invention could prepare a CSD-like polysaccharide.

<Example 18> Examination of Sulfation by Use of
Solvent Mixture (1)

dCH (8.2 kDa) was mixed with 2 M NaOH solution
containing 5% (v/v) dimethylformamide (DMF) to prepare
a solution having a CH concentration of 100 mg/mL (10%
w/v). The solution was heated to 40° C. and TMA-SO, (2.9

equivalents) was added to the solution. Thereafter, the
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resultant solution was agitated by means of a stirrer for one
hour for sulfation reaction. After the termination of the
reaction, the resultant solution was mixed with a three-fold
volume of purified water and then dialyzed against purified
water for two days. The resultant solution was neutralized by
addition of an aqueous NaOH solution and then lyophilized,
to thereby vield a dry powder. The resultant sulfated CH was
subjected to disaccharide analysis, to thereby calculate the
sulfation degree. The results are 1llustrated 1n Table 18.

TABLE 18
Sulfation
Disaccharide composition ratio (%o) degree
Solvent 0S 68 48 285 diIS,  diSp S (%0)
5% DMF/ 71.8 213 0.9 3.8 1.6 0.6 0.1 31
2M NaOH

As 1s shown 1n Table 18, 1t was confirmed that, by the
examination using DMF, a GAG could be sulfated even 1n
the case of use of a solvent mixture contaming an organic
solvent.

<Example 19> Examination of Sulfation by Use of
Solvent Mixture (2)

dCH (8.2 kDa) was mixed with 2 M NaOH solution
containing 5% (v/v) organic solvent (dimethyl sulfoxide
(DMSQO), formamide (FA), pyridine (Pyr), acetonitrile
(MeCN), ethanol (EtOH), or tetrahydrofuran (THF)) to
prepare a solution having a dCH concentration of 100
mg/mlL (10% w/v). The solution was heated to 40° C. and
TMA-SO, (2.9 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for three hours for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a three-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder. The
resultant sulfated CH was subjected to disaccharide analysis,
to thereby calculate the sulfation degree. The results are
illustrated 1n Table 19.

TABLE 19
Sulfation
Disaccharide composition ratio (%) degree
Solvent 0S 6S 48 2S5 diSp, diSz; tniS (%)
5% DMSO/2M 486 36.0 14 52 6.0 2.3 0.6 61
NaOH
5% FA/2M 675 24.1 09 42 2.2 0.9 0.1 36
NaOH
5% Pyr/2M 520 339 1.2 52 53 2.1 0.5 56
NaOH
5% MeCN/2M 504 348 13 5.1 3.6 2.2 0.5 59
NaOH
5% EtOH/2M 524 338 13 51 5.0 2.0 0.5 56
NaOH
5% THE/2M 499 351 14 52 5.7 2.2 0.5 59
NaOH

As 1s shown 1n Table 19, 1t was confirmed that a GAG
could be sultated even in the case of use of a solvent mixture

[ 1

containing an organic solvent other than DMF.
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<Example 20> Examination of Sulfation by Use of
Solvent Mixture (3)

dCH (8.2 kDa) was mixed with 2 M NaOH solution
containing 10 to 40% (v/v) organic solvent. (DMSO or
EtOH) to prepare a solution having a dCH concentration of
100 mg/mL (10% w/v). The solution was heated to 40° C.
and TMA-SO; (2.9 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for three hours for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a three-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder. The
resultant sulfated CH was subjected to disaccharide analysis,
to thereby calculate the sulfation degree. The results are

illustrated 1in Table 20.

TABLE 20
Sulfation
Disaccharide composition ratio (%) degree

Solvent 0S 6S 4S5 28 diS, diSz  triS (%0)
10% DMSO/ 452 36.1 1.8 58 74 2.8 0.9 67
2M NaOH

20% DMSO/ 394 364 24 63 9.6 4.0 2.0 78
2M NaOH

30% DMSO/ 364 345 3.0 6.8 11.2 5.0 3.1 86
2M NaOH

40% DMSO/ 65.1 222 1.8 40 40 19 0.9 43
2M NaOH

10% EtOH/2M 304 336 1.6 57 359 2.2 0.6 59
NaOH

20% EtOH/2M 507 32,1 2.0 60 6.1 2.3 0.8 59
NaOH

30% EtOH/2M 564 286 2.1 538 47 1.8 0.6 51
NaOH

40% EtOH/2M 700 20.8 1.7 44 2.0 0.8 0.2 33
NaOH

As 1s shown 1n Table 20, 1t was confirmed that a GAG
could be sulfated even 1n the case of use of a solvent mixture
containing an organic solvent. It was also confirmed that
appropriate adjustment of the concentration of an organic
solvent could lead to production of a sulfated GAG exhib-
iting a desired sulfation degree. In the case of use of a
solvent mixture contaimng DMSO as an organic solvent, the
resultant sulfated glycosaminoglycan exhibited a sulfation
degree higher than that 1n the case of use of a solution not
containing DMSO as an organic solvent. Specifically, this
tendency was determined in the case of use of a solvent
mixture containing 10% to 30% (v/v) DMSO. In the case of
use of a solvent mixture containing about 30% (v/v) DMSO,
the resultant sulfated glycosaminoglycan exhibited the high-
est sulfation degree. Thus, 1t was found that the sulfation
method of the present invention preferably involves the use
of DMSO as an organic solvent.

<Example 21> Comparison with Conventional
Sulfation Method (1)

(1) Sulfation Using Strongly Basic Solution
Na,SO, and 2 M aqueous NaOH solution were added to
CH to prepare a solution having a CH concentration of 66.7

mg/mlL (6.67% w/v) and a Na,SO, concentration of 500

mg/mlL. The solution was heated to 40° C. and TMA-SO,
(2.9 equivalents) was added to the solution. Thereaftter, the
resultant solution was agitated by means of a stirrer for one
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hour for sulfation reaction. After the termination of the
reaction, the resultant solution was mixed with a three-fold
volume of purified water and then dialyzed against purified
water for two days. The resultant solution was neutralized by
addition of an aqueous NaOH solution and then lyophilized,
to thereby vield a dry powder.
(2) Sulfation 1n Organic Solvent

Formamide (FA) was added to CH to prepare a solution
having a CH concentration of 200 mg/mL (20% w/v). A
sulfur trioxide-triethylamine complex (TEA-SO,) (5 equiva-
lents) was added to the solution, and then the resultant
mixture was agitated by means of a stirrer for two hours for
sulfation reaction. After the termination of the reaction, the
resultant solution was mixed with a three-fold volume of
purified water and then dialyzed against purified water for
two days. The resultant solution was neutralized by addition
of an aqueous NaOH solution and then lyophilized, to
thereby vield a dry powder.

The sulfated CHs produced in (1) and (2) above were
subjected to disaccharide analysis, to thereby calculate the
sulfation degree. The results are 1llustrated 1n Table 21.

TABLE 21
Sulfation
Disaccharide composition ratio (%) degree
Solvent 0S 6S 4S5 2S5 diS, diSp  triS (%0)
2M NaOH 65.8 26.0 0.6 4.3 2.7 0.6 0.0 38
Formamide 63.5 325 08 2.1 0.8 0.2 0.0 37
(FA)

As 1s shown 1n Table 21, 1t was confirmed that the sulfated
CH (GAG) produced by the method of the present invention
(1.e., sulfation using a strongly basic solution) exhibited a
disaccharide composition ratio of CH-2S higher than that of
the sulfated CH (GAG) produced by the conventional tech-
nique (1.e., sulfation 1n an organic solvent).

<Example 22> Comparison with Conventional
Sulfation Method (2)

(1) Sulfation Using Strongly Basic Solution

2 M aqueous NaOH solution was added to CH to prepare
a solution having a CH concentration of 200 mg/mL (20%
w/v). The solution was heated to 40° C. and TMA-SO, (2.9
equivalents) was added to the solution. Thereafter, the
resultant solution was agitated by means of a stirrer for one
hour for sulfation reaction. After the termination of the
reaction, the resultant solution was mixed with a three-fold
volume of purified water and then dialyzed against purified
water for two days. The resultant solution was neutralized by
addition of an aqueous NaOH solution and then lyophilized,
to thereby vield a dry powder.
(2) Sulfation 1n Organic Solvent

Formamide (FA) was added to CH to prepare a solution
having a CH concentration of 200 mg/mL (20% w/v). The
solution was heated to 40° C. and TEA-SO, (5 equivalents)
was added to the solution. Thereafter, the resultant solution
was agitated by means of a stirrer for two hours for sulfation
reaction. After the termination of the reaction, the resultant
solution was mixed with a three-fold volume of purified
water and then dialyzed against purified water for two days.
The resultant solution was neutralized by addition of an
aqueous NaOH solution and then lyophilized, to thereby
yield a dry powder.
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The sulfated CHs produced in (1) and (2) above were
subjected to disaccharide analysis, to thereby calculate the
sulfation degree. The results are 1llustrated 1n Table 22.

TABLE 22
Sulfation
Disaccharide composition ratio (%) degree
Solvent 0S 68 4S5 25  diSp, diSpz S (%0)
2M NaOH 276 427 14 7.7 163 23 2.0 95
Formamide 228 603 09 25 102 3.1 0.2 91
(FA)
As 1s shown 1n Table 22, 1t was confirmed that the sulfated

CH (GAG) produced by the method of the present invention

(1.e., sulfation using a strongly basic solution) exhibited a
disaccharide composition ratio of CH-2S higher than that of
the sulfated CH (GAG) produced by the conventional tech-

nique (1.e., sulfation 1n an organic solvent).

<Example 23> Comparison with Conventional
Sulfation Method (3)

(1) Sulfation Using Strongly Basic Solution

Na,SO, and 2 M aqueous NaOH solution were added to
a solution of HA in purified water to prepare a solution
having a final HA concentration of 1 mg/mlL (0.1% w/v), a
final Na,SO, concentration of 80 mg/ml., and a final NaOH
concentration of 1 M. The solution was cooled to 4° C. and

TMA-SO; (58 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for 18 hours for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed

with a two-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder.
(2) Sulfation 1n Organic Solvent

N,N-dimethylformamide (DMF) was added to tribu-
tylamine (TBA) salt of HA to prepare a solution having an
HA concentration of 10 mg/mlL (1% w/v). The solution was
heated to 60° C. and TMA-SO, (12 equivalents) was added
to the solution. Thereatter, the resultant solution was agi-
tated by means of a stirrer for 48 hours for sulfation reaction.
After the termination of the reaction, the resultant solution
was mixed with a 2.5-fold volume of acetone and agitated
for 30 minutes, and then allowed to stand still for three
hours. The precipitate was recovered from the solution and
dissolved in purified water to achieve an HA concentration
of 8 mg/mL (0.8% w/v), and the solution was dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder.

The sulfated HAs produced in (1) and (2) above were
subjected to disaccharide analysis. The results are illustrated
in Table 23.

TABLE 23
Disaccharide composition ratio (%)
Solvent 0S 68 48 25
2M NaOH 64.1 20.4 12.6 3.0
N.N-dimethylformamide (DMTF) 0.1 99.9 0.0 0.0
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As 1s shown 1n Table 23, 1t was confirmed that the sulfated
HA (GAG) produced by the conventional technique (i.e.,
sulfation 1n an organic solvent) contained a high disaccha-

ride composition ratio of HA-6S but substantially no HA-4S
or HA-2S, whereas the sultated HA (GAG) produced by the
method of the present mmvention (1.e., sulfation using a

strongly basic solution) contained HA-4S and HA-2S,

<Hxample 24> One-Pot Reaction of Deacetylation
and Sulfation of Heparosan

2 M aqueous NaOH solution was added to NAH (33.1
kDa) to prepare a solution having an NAH concentration of
40 mg/mlL (4% w/v). The solution was heated to 60° C. and
agitated by means of a stirrer for four hours for deacetylation
reaction. The temperature was changed to 40° C., and
TMA-SO, (7 or 12 equivalents) was added to the solution,
tollowed by agitation by means of a stirrer for 20 hours for
sulfation reaction. The resultant solution was neutralized by
addition of HCI and then dialyzed against purified water for
two days. The resultant solution was neutralized by addition
of an aqueous NaOH solution and then lyophilized, to
thereby yield a dry powder. The resultant sulfated heparosan
was subjected to disaccharide analysis by the method
described 1 <Referential Example 11> above. The results
are 1llustrated 1n Table 24.

TABLE 24
Sulfation
Sulfating agent Disaccharide composition ratio (%) degree
(Mole equivalents)  0S NS 6S diS; diS, S (%0)
7 91.0 8.1 0.0 04 0.5 0.0 10
12 51.2 264 20 7.0 9.7 3.7 73

As 1s shown 1n Table 24, 1t was confirmed that, by the
examination using NAH, the coexistence of a GAG and a
sulfating agent 1n a strongly basic solution could lead to
sulfation of the GAG. It was also found that the deacety-
lation and sulfation of a GAG could be performed through
one-pot procedure 1n a strongly basic solution.

<Example 25> One-Pot Reaction of Alkylation and
Sulfation of Chondroitin

(1) Preparation of Methylated Sulfated Chondroitin

2 M aqueous NaOH solution was added to CH to prepare
a solution having a CH concentration of 100 mg/mL (10%
w/v). The solution was heated to 40° C. and mixed with
0.5-fold volume of 10domethane (CH,I), and then the mix-
ture was agitated by means of a stirrer for two hours for
methylation reaction. A portion of the resultant solution was
collected as a specimen for determination of the percent
introduction a methyl group (1.e., methylation degree).
Thereatter, TMA-SO, (2.9 equivalents) was added to the
solution and agitated by means of a stirrer at room tempera-
ture for two hours for sulfation reaction. Each of the
specimen for determination of methylation degree and the
solution after the termination of the reaction was mixed with
a three-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder. The
resultant methylated chondroitin (1.e., chondroitin before the
sulfation reaction) and the methylated sulfated chondroitin
were analyzed as described below.
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(2) Determination of Methylation Degree

The methylation degree was determined by means of
'"H-NMR. The methylated chondroitin prepared in (1) above
(5 mg) was mixed with heavy water contaiming 0.01%
sodium 3-(trimethylsilyl)propionate-2,2,3,3-d, (TSP) to pre-
pare a solution. The solution was subjected to 'H-NMR, and
the mtegrated value of peaks of signals (2.9 ppm, 3.1 ppm,
3.2 ppm, 3.4 ppm, and 3.5 ppm) corresponding to the methyl
group 1ntroduced into CH was divided by the integrated
value of a peak of a signal (2.0 ppm) corresponding to the
acetyl group of a GalNACc residue. The quotient value was
expressed 1n percentage of the methylation degree. Conse-
quently, the methylated chondroitin was found to exhibit a
methylation degree of 58%.
(3) Determination of Sulfur Content

The sulfur content was determined by the method
described in <Referential Example 12>. Consequently, the
methylated sulfated chondroitin prepared 1n (1) above was
found to have a sulfur content of 3.8%.

By the above-described results, 1t was confirmed that the
alkylation and sulfation of a GAG could be performed
through one-pot procedure 1n a strongly basic solution.

<Example 26> Comparison with Conventional
Sulfation Method (4)

A solvent was added to CH (5.0 kDa, 28.0 kDa, 30.2 kDa,
32.0 kDa, 335.8 kDa, or 41.8 kDa) to prepare a solution
having a CH concentration of 10 to 200 mg/mL (1 to 20%
w/v). The solution was heated or cooled to a temperature of
0 to 60° C. and a sulfating agent (IMA-SO,, TEA-SQO,,
Pyr-SO,, or a sulfur trioxide-N,N-dimethylformamide com-
plex (DMF-SO,)) (0.9 to 10 equivalents) was added to the
solution. Thereafter, the resultant solution was agitated by
means of a stirrer for 0.5 to 20 hours for sulfation reaction.
After the termination of the reaction, the resultant solution
was mixed with a three-fold volume of purified water and
then dialyzed against purified water for two days. The
resultant solution was neutralized by addition of an aqueous
NaOH solution and then lyophilized, to thereby yield a dry
powder.

In the atorementioned reaction conditions, 0.1 to 2 M
aqueous NaOH solution was used as the solvent for the case
of the sulfation method of the present invention (i.e., sulia-
tion using a strongly basic solution). In the aforementioned
reaction conditions, formamide (FA), N,N-dimethylforma-
mide (DMF), or N-methyl-2-pyrrolidone (NMP) was used
as the solvent for the case of a conventional sulfation method
(sulfation 1n an organic solvent).

The sulfated CH prepared as described above was sub-
jected to disaccharide analysis, to thereby calculate the ratio

of CH-2S to CH-4S (25/4S ratio) and the ratio of CH-2S to
CH-6S (25/6S ratio). Table 25 illustrates the results of
disaccharide analysis of sulfated CHs (29 samples) prepared
by the sulfation method of the present invention, and Table
26 1llustrates the results of disaccharide analysis of sulfated
CHs (26 samples) prepared by the conventional sulfation
method. Table 27 illustrates the results of disaccharide
analysis of CSs extracted from animals. In Table 27, chon-
droitin sulfate A (CSA) was extracted from sturgeon chorda
dorsalis, chondroitin sulfate B (CSB) was extracted from
pigskin, chondroitin sulfate C (CSC) and chondroitin sulfate
D (CSD) were extracted from shark cartilage, and chondroi-
tin sulfate E (CSE) was extracted from squid cartilage.
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100 kDa or lower).

TABLE 25 TABLE 26-continued
Sample Disaccharide composition ratio (%) Sample Disaccharide composition ratio (%)
Number 0S 65 4S 28 diS, diSp tiS 284S 28/6S Number 0S5  6S 45 28 diSp diSg tniS  25/4S 28/68
B4401 747 195 04 39 12 02 00 975 0.20 /ol 934 6.2 0.1 0.0 0200000 0.00 - 0.00
B4402 31.6 414 13 79 137 22 19 608 0.19 0703A2 8.2 61 0.1 001225 o 0.000.00
. . 7101 93,7 538 0.1 0.0 0.3 0.1 0.0 0.00 0.00
B4403 299 388 1.5 BB 160 2.6 2.4 387 023 7102 056 44 00 0.0 0.0 0.0 0.0 0.00
B4404 356 36,5 1.6 91 133 2.1 1.8 569 0.25 ' ' ' ' ' ' ' '
B4201 253 41.0 14 81 182 3.0 3.0 3.79 0.20 10
B4202 235 408 14 79 193 3.3 3.7 564 0.19
B4203 229 407 14 78 199 34 3.9 357 0.19 —
B4204 22.6 41.1 14 79 198 34 3. 564 0.19 1ABLE 27
NAOO1073- 65.8 260 0.6 43 2.7 0.6 0.0 7.17 0.17
R7-05 Sam-
| i harid 1t] t1io (%
NA001073- 741 203 05 34 14 03 00 680 017 o 0 isaccharide composition rafio (o)
87-06 Name 0S 65 4SS 2S5 diSp diSp diSp tiS 2S/4S 28/6S
NAOO1073- 86.0 11.2 0.3 2.0 04 0.1 0.0 6.67 0.18
R7-07 CSA 1.1 539 930 0.0 0.0 0.0 0.0 0.0 0.00 0.00
NAOO1073- 93.9 5.0 0.1 0.9 0.1 0.0 0.0 900 0.18 CsB 1.1 2.1 X896 0.0 0.0 0.0 7.3 0.0 0.00 0.00
R7-08 csC 1.3 709 187 0.0 8.2 0.9 0.0 0.0 0,00 0,00
B4601 OR 1 1.3 01 05 00 00 0.0 5.00 038 4 CsD 1.0 355 419 0.0 209 0.7 0.0 0.0 0.00 0.00
B4607 706 164 12 82 30 05 02 683 050 CsE 3.8 99 237 00 00 062.6 0.0 0.0  0.00 0.00
B4001 18.8 404 1.6 7.0 222 42 58 438 0.17
B4002 277 420 1.6 74 156 3.1 2.6 463 0.18
B4003 63.0 281 12 42 26 07 03 350 0.15 As 1s shown 1n Table 25, 1t was confirmed that the sulfated
??00?1073' 204 3.0 0106 00 0.0 00 600 0.20 CH prepared by the sulfation method of the present inven-
- 25 . sy » . .
NAOOIOT3. 878 101 09 19 00 00 00 950 010 tion exhibited a 2S/£{S ratio of.3.50 to 9.75 tand a 2S5/6S ratio
R6-07 ol 0.15 to 0.50. As 1s shown 1n Table 26, 1t was confirmed
NA001073-  75.0 19.6 04 3.6 12 02 0.0 900 0.18 that the sulfated CH prepared by the conventional sulfation
86-03 method exhibited a 25/48S ratio of 0.00 to 3.00 and a 2S/6S
?;321073' 647 269 06 47 2 04 0078 01T 20 ratio of 0.00 to 0.10. As 1s shown 1n Table 27, it was
NAOOIO73. 570 319 08 54 43 07 00 675 017 Conﬁrpled that no CH-2S was detft,—‘-cted 1n CS extracted‘from
R6-05 an animal (1.e., naturally occurring CS), and the animal-
NA001073- 544 332 09 54 51 10 00 6.00 0.16 derived CS exhibited a 25/4S ratio of 0.00 and a 2S/6S ratio
86-06 of 0.00.
NAOO1073- 604 291 09 48 39 1.0 0.0 533 0.16 15
86-07
NA001073-  62.6 279 1.0 46 31 09 00 460 0.16 <bExample 27> Sulfation of Low-Molecular-Weight
86-08 Hyaluronic Acid
B4501 27.1 406 1.5 R.2 17.1 2.8 2.7 347  0.20
B4502 256 414 15 81 178 29 2.8 540 0,20 _ ~
B4503 260 417 15 79 176 28 26 527 o019 40 2 Maqueous NaOH solution was added to HA (20 kDa or
B4504 275 428 14 77 163 23 20 550 0.18 100 kDa) to prepare a solution having an HA concentration
of 50 mg/mL (5% w/v). The solution was cooled to 4° C. and
TMA-SO, (8.7 equivalents) was added to the solution.
TABLF 26 T_lereafter the resultant solution was agitated by means of
_ 45 a stirrer for 24 hours for sulfation reaction. After the
Sample Disaccharide composition ratio (%) termination of the reaction, the resultant solution was mixed
. | ] / / with a two-fold volume of purified water and then dialyzed
N 0S8 68 48 28 1S 1S triS  25/48 28/68 . . .
o e B against purified water for two days. The resultant solution
18401  18.6 637 14 23 97 42 0.0 1.64 0.04 was neutralized by addition of an aqueous NaOH solution
18o0l 9.2 695 1.0 L7 156 23 00 170 002350 and then lyophilized, to thereby yield a dry powder. The
19301 13.1 o654 1.2 1.7 13.1 5.5 0.0 142 0.03 1fat; d £ th 1 1fated HA d
19501 167 640 14 20 113 46 00 143 0.03 sullation degree ol the resultant sullated HA was deter-
19601  19.1 643 09 1.8 97 43 00 200 0.03 mined, to thereby calculate the sulfur content. The results are
B101 351 567 00 02 55 23 0.0 0.00 Tustrated in Table 28.
B301 343 550 0.0 27 59 21 0.0 0.05
Bo01 32.2 555 1.7 24 577 2.6 0.0 141 0.04 45 _
B1601 23.1 61.8 13 22 82 34 00 169 004 TABLE 23
B1904 155 642 1.3 2.1 11.7 3.0 0.3 1.62 0.03
8701 63.5 325 0.8 2.1 0.8 02 0.0 263 0.06 Sulfation degree Sulfur content
8702  20.8 642 10 2.6 84 27 02 260 0.04 Sample (%o) (o)
NA6101  22.8 603 0.9 2.5 10.2 3.1 0.2 278 0.04
NA6001 17.3 631 08 23 123 38 03 28 004 HA (20 kDa) 67 5.0
12701 63 616 09 1.7 168 88 39 1.8 0.03 HA (100 kDa) 66 4.9
12706 90.2 84 0.6 0.7 0.0 0.0 0.0 1.17 008
11404 144 606 20 24 11.8 6.3 2.4 1.20 0.04
12705 e6l2 330 1.7 24 1.1 06 00 L4l 0.07 As 1s shown 1n Table 28, 1t was confirmed that the
12704 694 263 14 2.0 0.6 0.3 0.0 143 0.08 . . . .
15705 789 178 15 14 03 01 00 003 008 sulfation method of the present mnvention could be applied
11308 861 118 08 10 02 01 00 125 o008 65 notonlytosulfation of high-molecular-weight HA, but also
11309 929 60 04 0.6 00 00 00 1.50 0.10 to sulfation of low-molecular-weight HA (molecular weight:
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<Example 28> Preparation of Sulfated Heparosan

(1)

(1) Deacetylation of Heparosan
2 M aqueous NaOH solution was added to NAH (33.1

kDa) to prepare a solution having an NAH concentration of

100 mg/mL (10% w/v). The solution was heated to 60° C.
and agitated by means of a stirrer for four hours {for
deacetylation reaction. The solution was neutralized by
addition of H,SO, and then dialyzed against purified water
for two days. The resultant solution was neutralized by
addition of an aqueous NaOH solution and then lyophilized,
to thereby yield a dry powder. Thus, deacetylated HPN was
prepared.

(2) Sulfation of Deacetylated Heparosan

The deacetylated HPN prepared in (1) above was mixed
with 2 M NaOH solution containing 20% (v/v) DMSO to
prepare a solution having a deacetylated HPN concentration
of 50 mg/mL (5% w/v). The solution was heated to 40° C.
and TMA-SO, (18 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for 20 hours for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a two-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder.

The sulfated HPN prepared 1n (2) above was subjected to

disaccharide analysis. The results are illustrated 1n Table 29.

TABLE 29
Sulfation
Disaccharide composition ratio (%) degree
0S NS 68 28 diS, diS5 diS; triS (%)
55 3977 18 0.0 154  24.0 0.0 13.5 161

<Example 29> Determination of Anticoagulant
Activity of Sulfated Heparosan

HEP and the sulfated HPN prepared in Example 28
(samples for analysis) were determined for activated partial
thromboplastin time (APTT) by the method described
below.

Blood was collected from an SD male rat by means of a
Venoject II vacuum blood-collecting tube (containing 3.2%
sodium citrate, manufactured by TERUMO CORPORA-
TION), and plasma was obtained from the blood. The
plasma (225 ul) was mixed with a solution of a specimen
(sulfated NAH or HEP) 1n distilled water (0.1 mg/mlL.) (25
ul) to prepare a specimen for analysis. Separately, the
plasma (225 ul) was mixed with distilled water (25 ulL) to
prepare a negative control. The APTT was determined by
means of a full-automatic blood coagulation fibrinolysis
measuring device STA Compact (manufactured by Roche
Diagnostics), and the test was performed by the method
described in the attached instruction.

The results are 1llustrated 1n Table 30.

TABLE 30
Sample APTT (sec)
Distilled water (negative control) 28.4
HEP 121.0
Sulfated HPN 122.6
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As 1s shown 1n Table 30, 1t was confirmed that the sulfated
HPN prepared 1n Example 28 exhibited an APTT compa-
rable to that of HEP. Thus, 1t was found that the sulfated
GAG prepared by the sulfation method of the present
invention, 1 one embodiment, exhibited heparin-like anti-
coagulant activity.

<Example 30> Preparation of Sulfated Heparosan

(2)

(1) Preparation of Epimerized Heparosan

NAH (33.1 kDa) was subjected to epimerization reaction
by the method described in the document (WO 2014/

200045), to thereby prepare epimerized HPN (EpHPN)
wherein GIcA residues in NAH were partially epimerized

with IdoA residues. The EpHPN was found to have an IdoA
content of 32.8%.

(2) Deacetylation and Sulfation of Epimerized Heparosan

In place of NAH, the EpHPN prepared 1n (1) above was
subjected to deacetylation and sulfation by the method
described in Example 28.

The sulfated EpHPN prepared in (2) above was subjected
to disaccharide analysis. The results are illustrated in Table

31.

TABLE 31
Sulfation
Disaccharide composition ratio (%) degree
0S NS 6S 28 diS, diS, diS; triS (%0)
13.6 44,77 3.5 0.0 114 15.9 0.0 10.8 135

As 1s shown 1n Table 31, 1t was confirmed that the
sulfation method of the present mnvention could be applied
not only to sulfation of a GAG having only a GIcA residue
as a Hex A residue, but also to sulfation of a GAG having an
IdoA residue. The present mventors have found that the
alorementioned sulfated EpNAH 1s a GAG exhibiting hepa-
rin-like anticoagulant activity similar to that of the sulfated
NAH described 1n Example 28. Thus, 1t was found that the
method of the present 1n could prepare a GAG having a
composition and characteristics similar to those of HPN,
which 1s a sulfated polysaccharide having a GIcN residue as
a HexN residue and GlcA and IdoA residues as HexA
residues and exhibiting anticoagulant activity.

<Example 31> Preparation of Sulfated Chondroitin

(1)

An aqueous NaOH solution (2 M to 4 M) was added to

CH (113 kDa) to prepare a solution having a CH concen-
tration of 50 mg/mL (5% w/v). The solution was cooled to
4° C. and TMA-SO, (14.5 equivalents) was added to the
solution. Thereafter, the resultant solution was agitated by
means of a stirrer for 24 hours for sulfation reaction. After
the termination of the reaction, the resultant solution was
mixed with a three-fold volume of purified water and then
dialyzed against punified water for two days. The resultant
solution was neutralized by addition of an aqueous NaOH
solution and then lyophilized, to thereby yield a dry powder.
The resultant sulfated CH was subjected to disaccharide
analysis, to thereby calculate the sulfation degree. The
results are 1llustrated 1n Table 32.
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TABLE 32
Sulfation
NaOH Disaccharide composition ratio (%) degree
(M) 0S 68 48 28 diSp diSz tris (%0)
2 89 492 03 6.6 30.5 2.9 1.7 128
3 5.0 46.0 0.3 4.0 35.6 4.6 4.6 145
4 40 477 03 3.4 36.6 4.3 3.8 145

<Example 32> Preparation of Sulfated Chondroitin

(2)

2 M aqueous NaOH solution was added to CH (113 kDa)
to prepare a solution having a CH concentration of 50
mg/mL (3% w/v). The solution was cooled to 4° C. and
TMA-SO, (8.7 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for 24 hours for sulfation reaction. The sulfation
reaction solution was found to have a pH of 13.8 as
measured at the time of completion of the reaction (1.e., 24
hours after addition of the sulfating agent). After the termi-
nation of the reaction, the resultant solution was mixed with
a three-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby vyield a dry powder.

The dry powder was again subjected to sulfation reaction
under the same conditions as described above, to thereby
yield a dry powder. The resultant sulfated CH was subjected
to disaccharide analysis, to thereby calculate the sulfation
degree. The results are illustrated in Table 33.

TABLE 33
Sulfation
Disaccharide composition ratio (%) degree
0S 68 48 25 diSp diS TS (%0)
1.9 45.6 0.1 2.4 40.7 4.7 4.6 153

<Example 33> Preparation of Sulfated Chondroitin

(3)

2 M aqueous NaOH solution was added to CH (27 kDa)

to prepare a solution having a CH concentration of 50
mg/mlL (5% w/v). The solution was cooled to 4° C. and
TMA-SO, (8.7 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for 24 hours for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a three-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder.

The dry powder was again subjected to sulfation reaction
under the same conditions as described above, to thereby
yield a dry powder. The dry powder was again subjected to
sulfation reaction under the same conditions as described
above, to thereby yield a dry powder. The resultant sulfated
CH was subjected to disaccharide analysis, to thereby cal-
culate the sulfation degree. The results are illustrated 1n

Table 34.
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TABLE 34
Sulfation
Disaccharide composition ratio (%) degree
0S 68 45 28 diS diSz triS (%)
0.6 32.9 0.1 0.6 49.1 7.0 9.8 175

As 1s shown 1n Tables 32 to 34, sulfated CH (1.e., a GAG
prepared through sulfation of CH) 1s characterized by, 1n one
embodiment, containing CH-diS 5 1n a disaccharide compo-
sition ratio of 20% or higher. This characteristic feature 1s
common with chondroitin sulfate D (CSD). Thus, 1t was
found that the method of the present invention could prepare
a CSD-like polysaccharide.

<Example 34> Comparison with Conventional
Sulfation Method (3)

(1) Sulfation Using Strongly Basic Solution
Na,SO, and 2 M aqueous NaOH solution were added to
a solution of HA in purified water to prepare a solution

having final HA concentration of 10 mg/mL (1% w/v), a
final Na,SO, concentration of 80 mg/ml., and a final NaOH

concentration of 1 M. The solution was cooled to 4° C. and
TMA-SO, (38 equivalents) was added to the solution.
Thereatter, the resultant solution was agitated by means of
a stirrer for 18 hours for sulfation reaction. After the
termination of the reaction, the resultant solution was mixed
with a two-fold volume of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder. The
resultant sulfated hyaluronic acid was found to have a sulfur
content of 2.9%.

(2) Sulfation 1n Organic Solvent

N,N-dimethylformamide (DMF) was added to tribu-
tylamine (TBA) salt of HA to prepare a solution having an
HA concentration of 1 mg/mlL (0.1% w/v). The solution was
heated to 40° C. and mixed with Pyr-SO; (1 equivalent).
Thereatter, the resultant mixture was agitated by means of a
stirrer for three hours for sulfation reaction. After the ter-
mination of the reaction, the resultant solution was mixed
with an equiamount of purified water and then dialyzed
against purified water for two days. The resultant solution
was neutralized by addition of an aqueous NaOH solution
and then lyophilized, to thereby yield a dry powder. The
resultant sulfated hyaluronic acid was found to have a sulfur
content of 3.0%.

(3) Determination of Sulfate Group by NMR

A sulfate group was determined by means of '*C-NMR.
The above-prepared sulfated hyaluronic acid (5 mg) was
mixed with heavy water containing 0.01% tetramethylsilane
(TMS) to thereby prepare a solution. The solution was
subjected to '°C-NMR for determining the presence of a
signal (77.5 ppm) corresponding to a 4-O-sulfate group 1n a
GlcNACc residue. FIG. 2 illustrates the results of analysis of
the sulfated hyaluronic acid produced by the sulfation
method of the present mnvention. FIG. 3 illustrates the results
of analysis of the sulfated hyaluronic acid produced by the
conventional sulfation method.

As 1s shown in FIG. 2, the sulfated hyaluromic acid
produced by the sulfation method of the present invention
exhibits a signal at 77.5 ppm; 1.¢., the presence of a 4-O-
sulfate group 1n a GlcNACc residue. In contrast, as 1s shown
in FIG. 3, the sulfated hyaluronic acid produced by the
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conventional sulfation method exhibits no signal at 77.5
ppm; 1.€., the absence of a 4-O-sulfate group 1 a GIcNACc
residue.

INDUSTRIAL APPLICABILITY

According to the present invention, a GAG can be sul-
fated 1n a solution of a non-organic solvent, and thus a
sulfated GAG can be produced 1n the solution.

Japanese Patent Application No, 2015-073148 (filing
date: Mar. 31, 2015) 1s incorporated herein by reference 1n
its enftirety. All publications, patent applications, and tech-
nical standards mentioned in this specification are mcorpo-
rated herein by reference to the same extent as if each
individual publication, patent application, or technical stan-
dard was specifically and individually indicated to be incor-
porated by reference.

The 1nvention claimed 1s:

1. A method for sulfating a glycosaminoglycan, the
method comprising performing sulfation reaction in a
strongly basic solution under coexistence of a glycosamino-
glycan with a sulfating agent, wherein the pH of the strongly
basic solution 1s set to be 11.5 or higher.

2. The method according to claim 1, wherein the gly-
cosaminoglycan 1s selected from among the following gly-
cosaminoglycans (A) to (D):

(A) a glycosaminoglycan having a hexuronic acid residue;

(B) a glycosaminoglycan prepared through addition or

climination of a substituent or a functional group to or
from the glycosaminoglycan (A);

(C) a glycosaminoglycan prepared through deacetylation

of the glycosaminoglycan (A); and

(D) a glycosaminoglycan prepared through alkylation of

the glycosaminoglycan (A).

3. A method for producing a sulfated glycosaminoglycan,
the method comprising performing sulfation reaction in a
strongly basic solution under coexistence of a glycosamino-
glycan with a sulfating agent, wherein the pH of the strongly
basic solution 1s set to be 11.5 or higher.

4. The method according to claim 3, the method further
comprising a step ol performing deacetylation reaction of
the glycosaminoglycan.

5. The method according to claim 3, the method further
comprising a step of performing alkylation reaction of the
glycosaminoglycan.

6. The method according to claim 3, wherein the sulfated
glycosaminoglycan has heparin-like anticoagulant activity.

7. The method according to claim 3, wherein the sulfated
glycosaminoglycan 1s sulfated heparosan having heparin-
like anticoagulant activity.

8. The method according to claim 3, wherein the sulfated
glycosaminoglycan 1s chondroitin sulfate containing 3 mol
% or higher of a disaccharide having a structure represented
by the following formula as the composition ratio of disac-
charide unaits:

[HexA(2S)1-3GalN1-4]

(where “HexA” represents a hexuronic acid residue;
“GalN” represents a galactosamine residue; “1-3” rep-
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resents a 1-3 glycosidic bond; “1-4” represents a 1-4
glycosidic bond; and “2S” represents a 2-O-sulfate
group, respectively).

9. The method according to claim 3, wherein the sulfated
glycosaminoglycan 1s chondroitin sulfate containing a disac-
charide having a structure represented by the following
formula (b) over 3 times as many as a disaccharide having
a structure represented by the following formula (a):

[HexA1-3GalN(4S)1-4] (2)

[HexA(2S)1-3GaIN1-4] (b)

(where “HexA” represents a hexuronic acid residue;
“GalN” represents a galactosamine residue; “1-3” rep-
resents a 1-3 glycosidic bond; “1-4” represents a 1-4
glycosidic bond; “4S” represents a 4-O-sulfate group;
and “2S” represents a 2-O-sulfate group, respectively).

10. The method according to claim 3, wherein the sulfated

glycosaminoglycan 1s chondroitin sulfate containing a disac-
charide having a structure represented by the following
formula (d) over 0.1 times as many as a disaccharide having
a structure represented by the following formula (c):

[HexA1-3GalN(6S)1-4] (c)

(d)

(where “HexA” represents a hexuronic acid residue;
“GalN” represents a galactosamine residue; “1-3” rep-
resents a 1-3 glycosidic bond; “1-4” represents a 1-4
glycosidic bond; “6S” represents a 6-O-sulfate group;
and “25” represents a 2-O-sulfate group, respectively).

11. The method according to claim 3, wherein the sulfated

glycosaminoglycan 1s chondroitin sulfate having 25 mol %
or higher of a disaccharide having a structure represented by
the following formula as the composition ratio of disaccha-
ride units:

[HexA(28)1-3GalN1-4]

[HexA(28)1-3GalN(6S)1-4]

(where “HexA” represents a hexuronic acid residue;
“GalN” represents a galactosamine residue; “1-3” rep-
resents a 1-3 glycosidic bond; “1-4” represents a 1-4
glycosidic bond; “2S” represents a 2-O-sulfate group;
and “6S” represents a 6-O-sulfate group, respectively).

12. The method according to claim 3, wherein the sulfated

glycosaminoglycan 1s sulfated hyaluronic acid containing a
disaccharide having a structure represented by the following
formula as the disaccharide composition:

[HexA1-3GIcN(4S)1-4]

(where “HexA” represents a hexuronic acid residue;
“GIcN” represents a glucosamine residue; “1-3” repre-
sents a 1-3 glycosidic bond; “1-4” represents a 1-4
glycosidic bond; and “45” represents a 4-O-sulfate
group, respectively).

13. The method according to claim 3, wherein the sulfated
glycosaminoglycan 1s sulfated hyaluronic acid having the
following characteristics (A) and (B):

(A) a molecular weight of 2,000,000 Da or higher, and

(B) a sulfur content of 2 mass % or higher.

¥ ¥ H ¥ H
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APPLICATION NO. : 15/563196
DATED . April 16, 2019
INVENTOR(S) : Toshikazu Minamisawa et al.

It is certified that error appears In the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page
Column 2, item (57) under Abstract, Line 1; After “1s” mnsert -- to --
In the Specification

Column 1, Background Art, Line 33 (Approx.); Delete “hex conic™ and msert -- hexuronic --, therefor

Column 1, Background Art, Line 59 (Approx.); Delete “AHexA (25)” and msert -- AHexA(2S) --,
theretfor

Column 1, Background Art, Line 62 (Approx.); Delete “(65)” and 1nsert -- (65) --, therefor
Column 1, Background Art, Line 64 (Approx.); Delete “(NS, 6S)” and 1nsert -- (NS,6S) --, therefor

Column 3, Summary of the Invention, Line 12 (Approx.); After “1s” msert -- to --

Column 5, Means for Solving the Invention, Line 34 (Approx.); Delete “solvent,” and 1nsert
-- solvent. --, theretor

Column 5, Means for Solving the Invention, Line 40; Delete “C:” and 1nsert -- CH --, therefor
Column 7, Modes for Carrying out the Invention, Line 4; After “lower,” msert -- or --
Column 7, Modes for Carrying out the Invention, Line 41; After “use” insert -- of --

Column 11, Modes for Carrying out the Invention, Line 22; Delete “addition” and insert
-- additional --, therefor

Column 12, Modes for Carrying out the Invention, Line 1; Delete “1%,” and mnsert -- 1%. --, therefor

Signed and Sealed this
Thirteenth Day ot August, 2019

Andrei Iancu
Director of the United States Patent and Trademark Office
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Column 12, Modes for Carrying out the Invention, Line 64; Delete “20%,” and 1nsert -- 20%. --,
theretfor

Column 13, Modes for Carrying out the Invention, Lie 56; Delete “except,” and insert -- except --,
therefor

Column 16, Modes for Carrying out the Invention, Line 35; After “method™ insert -- . --

Column 18, Modes for Carrying out the Invention, Line 14 (Approx.); Delete “perform™ and insert
-- performing --, therefor

Column 19, Modes for Carrying out the Invention, Line 37; Delete “minutes longer,” and insert
-- minutes or longer, --, theretor

Column 21, Modes for Carrying out the Invention, Line 26; Delete “1>"" and insert -- 11> --, therefor

Column 21, Modes for Carrying out the Invention, Line 40; Delete | HexA-" and insert
-- |[HexA1l- --, therefor

Column 21, Modes for Carrying out the Invention, Line 40; After “"CH-45"";” insert -- a --

Column 21, Modes for Carrying out the Invention, Line 48; Delete ““CH-d1S5;” and insert
-- “CH-d1Sg”’; --, theretor

Column 23, Modes for Carrying out the Invention, Line 32; Delete “CH-d1S;” and nsert
-- CH-d1Sg --, therefor

Column 24, Modes for Carrying out the Invention, Line 14; Delete “ADi1-d1Ss;” and 1nsert
-- AD1-d1S3; --, therefor

Column 25, Modes for Carrying out the Invention, Line 41; Delete “sulfat 1on™ and insert
-- sulfation --, therefor

Column 26, Modes for Carrying out the Invention, Line 56; Delete “HS diS,,” and insert
-- HS-diS,, --, theretor

Column 28, Modes for Carrying out the Invention, Line 21; Delete “Chem,” and msert -- Chem. --,
theretor

Column 28, Modes for Carrying out the Invention, Line 65; Delete “TSK gel” and insert -- TSKgel --,
therctfor

Column 29, Modes for Carrying out the Invention, Line 12; Delete
“SEIKAGAKU CORPORATION™ and 1nsert -- SEIKAGAKU CORPORATION --, therefor
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Column 29, Modes for Carrying out the Invention, Line 54; Delete “|0|=" and insert -- [n]= --,
therctfor

Column 30, Modes for Carrying out the Invention, Line 9; Delete “by,” and insert -- by --, therefor

Column 30, Modes for Carrying out the Invention, Line 27; Delete “acetomitrdle),” and insert
-- acetonitrile), --, theretor

Column 44, Modes for Carrying out the Invention, Line 64; Delete “dimethylformamide™ and insert
-- N,N-dimethylformamide --, therefor

Column 49, Modes for Carrying out the Invention, Line 55; After “mtroduction™ mnsert -- of --

Column 54, Modes for Carrying out the Invention, Line 44; Delete “in” and msert -- invention --,
theretfor

Column 56, Modes for Carrying out the Invention, Line 24 (Approx.); After “having” msert -- a --
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